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PREFACE. 



In preparing a Second Edition of this Coarse of Practical 
Chemistry for the press, the first having been for upwards 
of three years out of print, many additions and alterations 
have been made, which it is believed will much increase 
its usefulness as a laboratory guide. 

The first chapter, treatiag of chemical reactions and 
manipulation, is quite ri^w; the. second, relating to general 
analysis, has been r«irritten;;''^^nd the third and fourth 
chapters, treating res jectiyely of jtoxicological and animal 
chemistry, have been>^^efSllyi revised. In the second 
chapter more particularly^ Tfulf explanations have been 
given of the tables for the examination of the several 
groups of bases and acids ; so that the paragraphs relating 
to the individual members of the groups need scarcely be 
considered by the learner save for purposes of reference. 

To maintain its adaptability to the wants of the medical . 
student, the old scale of atomic weigbt^ \i«»a \i^^\i «x.- 
clusively employed throughout tlie "bod^ oi ^^ -«^-^« 



VI PKEFACE. 

In a short Appendix, however, some tables have been set 
up, in which the new atomic weights are used, with a view 
to illustrate the superior simplicity and mutual association 
of the modern unitary over the older dualistic formulae. 
This Edition of the work is, moreover, illustrated by 
Mr. Branston with seventy woodcuts of microscopical 
preparations and chemical apparatus, all of them made 
expressly from drawings of the actual objects. 



W. 0. 



St. Bartholomew's Hospital: 
June 1865. 
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PEACTICAL CHEMISTEY. 



CHAPTER I. 
INTEODUCTORY, 



§ I.— CHEMICAL REACTIONS. 

( I .) Chemists are acquainted with about sixty different kinds of 
matter which have hitherto proved undecomposible, and are 
consequently termed simple bodies, or elements. These elements 
unite with one another in certain definite proportions to form an 
infinite variety of compound bodies ; each particular compound 
being always constituted of the same elements, combined in the 
same proportion. Common salt, for instance, no matter how ob- 
tained, or when examined, is always found to consist of sodium 
and chlorine, united in the ratio of 23 parts of the former element 
to 35*5 parts of the latter. 

The relative quantity of hydrogen which caii enter into a com- 
bination being less than that of any other element, its combining 
proportion is taken as the standard of comparison or imity. We 
find that i part of hydrogen imites with 35*5 parts of chlorine to 
form hydrochloric acid; and that in very many compounds 
I part of hydrogen may be displaced by 35*5 parts of chlorine 
to produce chlorine-derivatives of the respective compounds. 
Again, when hydrochloric acid is treated with metallic sodium, 
every 23 parts of sodium expels i part of hydrogen to form 
common salt, by uniting with the 35*5 parts of chlorine pre- 
viously combined with the i part of hydrogen. 

The proportion of an element which unites with i part of 
hydrogen, or which displaces i part of hydrogen to unite with 
35*5 parts of chlorine, is called its equivalent. Thus 80 is the 
equivalent of bromine, 23 the equivalent of sodium, and 39 the 
equivalent of potassium, because 80 paita of "bTomma, a'x^ ^^s\^ <2Jl 
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sodium, and 39 parts of potassium are respectively exchangeable 
for, or equivalent in combination to, i part of hydrogen. 

(2.) But it is found in many cases that some multiple of the 
proportion of an element which unites with or displaces i part 
of hydrogen, constitutes the smallest proportion thereof that 
is actually found to enter into a combination. Thus although 
25 parts of arsenic unite with i part of hydrogen to form 
arsenetted hydrogen, and with 35*5 parts of chlorine to form 
chloride of arsenic, yet it is allowed on all hands that the mole- 
cule* of arsenetted hydrogen contains three separable equivalents 
of hydrogen united with 75 parts of arsenic, and that the mole- 
cule of chloride of arsenic contains three separable equivalents 
of chlorine united with 75 parts of arsenic, and, in fact, that 75 
parts of arsenic constitute the least indivisible proportion of 
arsenic which ever enters into a combination. The least indivi- 
sible proportion of an element which is found to enter into a 
combination is termed its atom, and the number expressing that 
proportion is called its atomic weight. Hence the atomic weight 
of an element sometimes coincides with its equivalent weight, as 
in the case of sodium, and is sometimes a multiple of its equiva- 
lent weight, as in the case of arsenic. 

The determination of equivalents is a purely experimental 
question, which, in the majority of instances, has been answered 

* The determination of the molecule of a compound body is based upon 
very many considerations, physical as well as chemical, which cannot be 
fiilly entered into here. The most important of these considerations relate 
to specific heat^ atomic volume, direct combination, analogy, mode of deriva- 
tion, and, above all, to metamorphoses by substitution. Thus the mole- 
cules of marsh-gas, ammonia, water, and hydrochloric acid, might each be 
represented with one equivalent of hydrogen. But the molecule of marsh 
gas is represented with four equivalents of hydrogen, because in it J or | 
or I or I of the hydrogen can be displaced by robstitution at four successive 
stages. The molecule of ammonia is represented with three equivalents of 
hydrogen, because in it J or | or | of the hydrogen may be displaced at 
three successive stages. The molecule of water is represented with two 
equivalents of hydrogen, because in it | or f of the hydrogen can be dis- 
placed at two successive stages ; while the molecule of hydrochloric acid is 
represented with one equivalent of hydrogen, because in it the hydrogen 
juust be displaced at once or not at all. 
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with almost absolute exactitude ; but the determination of 
atomic weights is a question of judgement, to which in many 
cases very different answers are still accorded. All chemists are 
agreed, however, as to the atomic weights of a large proportion of 
the elements, and this applies equally to atomic weights which 
are multiples of, as to those which are identical with, the equi- 
valents of their respective elements. But with regard to other 
well-known elements, among which may be mentioned oxygen, 
sulphur, carbon, silicon, tin, and mercury, great difference of 
opinion exists as to the correlations of their respective equi- 
valents and atomic weights. In this book it has been thought 
better to adopt the atomic weights usually employed, rather than 
those which the author believes to be correct. 

(3.) The following tables exhibit lists of the most important 
elements, with their selected atomic weights, their symbols or 
abbreviated names, and the names and symbols of their principal 
compOTmds with hydrogen or chlorine. AU the hydrides are 
volatile, and when in the gaseous state occupy the same volume. 



ElemeDt 


Hydride 


Atomic 
weight 


Symbol 


Name 


Symbol 


Name 


X 

35'5 
80 

127 

8 
16 

14 
31 

IX 

6 

14 


H 

F 
CI 
Br 
I 



S 

N 
P 
B 

C 

Si 


Hydrogen 

Fluorine 
Chlorine 
Bromine 
Iodine 

Oxygen 
Sulphur 

Nitrogen 

Phosphorus 

Boron 

Carbon 
SOicon 


HF 

Ha 

HKr 
HI 

HA 
HA 

H3N 
H3P 
H3B 

H4C, 
H,Si, 


Hydrofluoric acid 
Hydrochloric acid 
Hydrobromic acid 
Hydro-iodic acid 

Water 

Sulphuretted hydrogen 

Ammonia 

Phosphoretted hydrogen 
Hydride of boron ? 

Marsh-gas 
Silicated hydrogen 
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Element 


Metallic Chloride 


Atomic 
weiglit 


Symbol 

» 


Name 


Symbol 


Kama 


7 


Li 


Lithium 


Lia 


Chloride of lithium 


»3 


Na 


Sodium 


NaCl 


Chloride of sodium 


39 
20 


K 
Ca 


Potassium 
Calcium 


KCl 
CaCl 


Chloride of potassium 
Chloride of calcium 


44 


Sr 


Strontium 


SrCl 


Chloride of strontium 


68-5 


Ba 


Barium 


Baa 


Chloride of barium 


12 
32-5 


Mg 
Zn 


Magnesium 
Zinc 


MgCl 
ZnCl 


Chloride of magnesium 
Chloride of zinc 


56 


Cd 


Cadmium 


Cda 


Chloride of cadmium 


1035 


Pb 


Lead 


PbCl 


Chloride of lead 


108 


Ag 


Silver 


AgCl 


Chloride of silver 


100 


Hg 


Mercury 


tHgCl 


Mercurous chloride 
Mercuric chloride 


31*7 


Cu 


Copper 


fCujCl 
tCuCl 


Cuprous chloride 
Cupric chloride 


29-5 


Ni 


Nickel 


NiCl 


Chloride of nickel 


29-5 


Co 


( obalt 


CoCl 


Chloride of cobalt 


27-5 

a8 

26 
60 

137 
59 


Mn 

Fe 

Cr 
U 

Al 

Sn 


Manganese 

Iron 

Chromium 

Uranium 

Aluminum 

Tin 


MnCl 

(FeCl 
tFe,Cl3 

Cr,Cl3 

U,Cl3 

Al.Clj 

/ SnCl 
1 SnCl, 


Chloride of manganese 

Ferrous chloride 
Ferric chloride 

Sesquichloride of chromium 

Sesquichloride of uranium 

Sesquichloride of aluminum 

Stannous chloride 
Stannic chloride 


53 
99 


Pd 
Pt 


Palladium 
Platinum 


PdCl 
PtCl, 


Chloride of palladium 
Bichloride of platinum 


196 
75 


Au 
As 


Gold 
Arsenic 


AUCI3 
ARCI3 


Trichloride of gold 
Trichloride of arsenic 


122 
210 


Sb 
Bi 


Antimony- 
Bismuth 


SbCl3 
BiCl3 


Trichloride of antimony 
Trichloride of bismuth 



L 

It is observable that the metals mercury, copper, iron, and tin, 
form two distinct chlorides, and, as will be afterwards seen, two 
distinct sets of oxides and salts, corresponding respectively 
thereto. Several of the other metals also form two chlorides and 
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two sets of salts, but only the chlorides shown in the table, and 
their corresponding salts, are familiarly known. Cuprous salts, 
moreover, are very unstable, and rarely met with save when 
specially prepared. 

(4.) Each symbol, as exemplified in the above tables, represents 
one combining proportion, or atom, of the element. Thus N 
stands not for nitrogen in general, but for 14 parts by weight of 
nitrogen as compared with i part by weight of hydrogen. Che- 
mical combination is represented by the apposition of symbols; 
thus KCl signifies a compound of 39 parts of potassium united 
with 35*5 parts of chlorine to form 74*5 parts of chloride of 
potassium, A small figure placed to the right of a symbol 
indicates a multiple quantity of that particular element. Thus 
Hg2Cl, or calomel, signifies a compound of two atoms of mercury 
with one atom of chlorine. A larger figure placed to the lefl; of 
an allocation of symbols multiplies the entire compound. Thus 
3HNO6, represents three proportions of nitric acid, a compound 
body consisting of one atom of hydrogen, one atom of nitrogen, 
and six atoms of oxygen. The single formula of a compound 
body represents the atom, or smallest indivisible proportion of 
that particular compoimd, and its atomic weight is the sum of 
the atomic weights of its constituents. Thus the atomic weight 
of nitric acid = 14 + i + 8 x 6 = 63. In writing the for- 
mulse of compound bodies, it is sometimes found advisable to 
break them up in different ways — ^by means of periods, brackets, 
parentheses, &c. Thus for nitric acid we sometimes write 
HO.NO5 instead of HNOe ; for nitrate of ammoniimi, NH^NOa 
instead of N2H4O6 ; and for nitrate of bismuth, Bi(N06)3, instead 
of BiN30i8. Sometimes these breaks are purely arbitrary or 
conventional, and should then be dispensed with as much as pos- 
sible. At other times they indicate a real molecular isolation 
of one portion of a compound fi:om the remainder, when their 
use is perfectly legitimate. 

The symbol for the atom of an element is sometimes marked 
with one or more dashes, to indicate its equivalency or inter- 
changeable value for hydiogen. For instan-ce, ^^*\«»«eviifc^\Sifc^ 
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marked with a single dash to show that the atom of silver may be 
substituted for an atom of hydrogen, so as to combine with an 
atom of chlorine, thus Ag'Cl. Again, Sn is marked with two 
dashes, and Bi with three dashes, to indicate that the atoms of tin 
and bismuth may be respectively substituted for two and three 
atoms of hydrogen, so as to combine with two and three atoms of 
chlorine, thus Sn"Cl2 and Bi"'Cl3. Moreover, the double atoms 
of metal entering into the constitution of sub- and sesqui- com- 
pounds are occasionally expressed by doubling one of the letters 
of their respective symbols. Thus the sub-chlorides of mercury 
and copper may be represented by the formulas Hhg'Cl and 
Ccu'Cl, instead of Hg2Cl and CU2CI. Again, the sesquichlorides 
of iron, chromium, and aluminum may be represented by the 
formulfie Ffe'^Cla, Ccr'^Cla, and AU^'Cla, instead of F2CI3, Cr^Cla, 
and AI2CI3 respectively. 

The signs +, -, and = are used ahnost in tibeir ordinary 
algebraical sense. The sign + signifies addition to, or rather 
mixture with ; the sign — subtraction from ; and the sign = 
equivalency with, or rather conversion into. Thus the equation 
HCl + CUHO2 = CuCl + H2O2, implies that an atom of hy- 
drochloric acid, mixed with an atom of hydrate of copper, yields 
an atom of chloride of copper and an atom (double) of water. 
Or the equation may of course be written HCl + CUHO2 — 
H202=CuCl. In modem chemistry the sign + is no longer 
used to express combination. 

(5.) Those hydrogenised compoimds which can readily ex- 
change some or all of their hydrogen for its equivalent of metal 
constitute the acids. From habit we adopt one particular reac- 
tion as our conventional criterion of acidity, namely that effected 
by the hydrates of potassium and sodium. An acid is simply a 
hydrogenised body which, when treated with hydrate of potas- 
sium, can exchange hydrogen for potassium with simultaneous 
formation of water, thus : — 

H4C4O4 + KHO2 = KH3C4O4 + H2O2. 
The solutions of such bodies axe generally found to have the 
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power of reddening blue litmus paper, and of effervescing with 
alkaline carbonates, so that the possession of these properties 
may be looked upon as more or less characteristic of an acid. 
Oxygenised acids, such as the nitric HNOe, and acetic H4C4O4, 
are also called ternary, while non-oxygenised acids, such as 
the hydrochloric HCl, and sulphydric H2S2, fP'e called binary. 
These binary acids were formerly known as hydracids. In most 
ternary acids the number of oxygen atoms is four, or six, or 
eight, as shown below : — 



HC104 


Chlopous. 


HClOs 


Chloric. 


HaOs 


Perchloric 


HN04 


Nitrous. 


HNO^ 


Nitric 


H lOg 


Periodic 


HB04 


Boracic. 


H,SA 


Sulphurous. 


H, S^Og 


Sulphuric 


H4CA 


Acetic 


H,C,06 


Carbonic. 


H^C^Os 


Oxalic 


H3P0, 


Hypophos. 


H3PO6 


Phosphorous. 


H3PO8 


Phosphoric 



It is not uncommon to have one or more of the hydrogen atoms 
of a ternary add which are not replaceable by metal exchanged 
for chlorine, and some or all of its oxygen atoms exchanged 
for sulphur. Thus we have acetic acid H4C4O4, chloracetic 
acid HCI3C4O4, and sulphacetic acid H4C4S4 ; with their corre- 
sponding salts, NaH3C404 acetate, NaCl3C404 chloracetate, and 
NaH3C4S4 sulphacetate of sodium, for instance. 

(6.) Acids in which only one atom of hydrogen can be replaced 
by metal are called monobasic. The principal monobasic acids 
with which the student will have to deal are the following : — 



HCl 


Hydrochloric. 


NaCl 


Chloride of sodium. 


HClOfi 


Chloric 


NaaOs 


Chlorate of sodium. 


HBr 


Hydrobromic. 


NaBr 


Bromide of sodium. 


H I 


Hydro-iodic 


Na I 


Iodide of sodium. 


HNOfi 


Nitric 


NaN Oe 


Nitrate of sodium. 


HB O4 


Boracic* 


NaB O4 


Borate of sodium. 


H4C4O4 


Acetic 


NaH3C404 


Acetate of sodium. 



Acids in which two atoms of hydrogen can be replaced by metal 
are called dibasic, the most important of which are : — 



* Another variety of boracic acid has the formula H^BO^ and ia tri- 
basic 



8 



CHEMICAL BEACTIONS. 



^sPfis Oxalic acid . 



HfiCsOi, Tartaric acid 



( 



NaHC408 Acid oxalate of sodium. 
Na^jC^Og Neutral oxalate of sodium. 



(NaHsCsOi, Acid tartrate of sodium. 
NaKH^CgOi, Eochelle salt. 



Acids in wluch three atoms of hydrogen may be replaced by 
metal are called tribasic, the most important of which are — 

' KHaPOg Monopotassic phosphate. 
Na^HPOg Disodic phosphate. 
Ca3P0a Tricalcic phosphate. 



H3PO8 Phosphoric acid 

H3ASO8 Arsenic acid 
HsCi^Oj^ Citric acid * 



Ag3As08 Arseniate of silver. 
Ca3H5Ci,Oi4 Citrate of calcium. 



Monometallic and dimetallic arseniates and citrates are also 
familiarly known. 

The monometallic salts of dibasic and tribasic acids closely 
resemble the acids themselves in their action on blue litmus paper 
and on alkaline hydrates and carbonates. They constitute, indeed, 
a mere variety of the class of acids. 

There yet remain for consideration certain acids which are 
sometimes represented as monobasic, sometimes as dibasic. That 
these acids are really dibasic is now indisputable, but to avoid 
the inconvenience to which a sudden violation of long-established 
usage would give rise, they are still occasionally represented as 
monobasic. Water, which oflen plays the part of an acid, may 
be associated with this class of bodies as shown below. 



H,0, or HO Water 



/KHO, 
. ] KZnOa 



fNaHS, 
H,S, or HS Sulphydric acid j -m- q 

H AOe or HSO3 Sulphurous acid 1 ^aHSA 

( Na^S^Og 

TizBfiQ or HSO4 Sulphuric acid . \ KMgS^08 

I E^SjOa 



Hydrate of potassium. 
Zinc oxide of potassium. 
Oxide of potassium. 

Sulphydrate of sodium. 
Sulphide of sodium. 

Acid sulphite of sodium. 
Sulphite of sodium. 

Acid sulphate of potassium. 
Sulphate of pot. and mag. 
Sulphate of potassium. 



MULTEQUIVALENT SALTS. 9 

{NaHC^Ofi Acid carbonate of sodium. 
NaCaCaOg Gay-Lussite. 
l^Sififis Carbonate of sodium. 

H,Si A or HSiOj SiUcic fuad (CaMgSiA Augite. 

(MnFeSi,Og Pyrosmaute. 

The above acids and their metal-derivatives or salts will be 
represented indifferently as dibasic or monobasic. The dibasic 
proportion will be spoken of as the molecule, and the monobasic 
proportion as the equivalent, meaning here the quantity equi- 
valent to an atom of hydrochloric, nitric, or other monobasic acid. 

(7.) In the illustrative salts above adduced each atom of 
hydrogen in the acid has been displaced by one atom of protequi- 
valent metal. Thus we had nitrate of potassium KNOe, derived 
from nitric acid HNOa ; oxalate of sodium Na2C408, derived 
from oxalic acid H2C4O8 ; phosphate of calcixmi Ca3P08, derived 
from phosphoric acid H3PO8, &c. &c. But the salts of multequi- 
valent metals have usually, though not invariably, a somewhat 
greater complexity of constitution. Their chlorides, derived from 
two or three atoms of hydrochloric acid, are given on page 4, and 
their other salts derived from monobasic acids correspond closely 
to their chlorides. Thus we have dichloride and dinitrate of tin, 
Sn"Cl2 and Sn"(N06)2, derived from two molecules of hydro- 
chloric and nitric acid, H2CI2 and H2(N06)2, respectively ; tri- 
chloride and trinitrate of bismuth, Bi'"Cl3 and Bi'"(N06)3, 
derived from three molecules of hydrochloric and nitric acid, 
H3CI3 and H3(N06)3 respectively. But the formulae of the 
salts of dibasic acids with diequivalent metals and of tribasic 
acid^ with triequivalent metals are very simple. Thus we have 
stannic sulphate Sn"S208, derived from sidphuric acid H2S2O8, 
and bismuthic phosphate Bi'"P08, derived from phosphoric acid 
H3PO8, &c. On the other hand the salts of dibasic acids with 
triequivalent metals, or of tribasic acids with diequivalent 
metals, are highly complex. Oxalate of bismuth, for example, 
must be represented by the formula Bi'"2( €408)3, derived from 
three atoms of oxaJdc acid H6(C408)3, and eo ixx o\)a^"£ YaaXasi^'^'e^^ 
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(8.) It will be perceived from the above tables and examples, 
tbat a salt is usually derived from its corresponding acid by a 
substitution of metal for hydrogen. Many salts, however, known 
as salts of the alkaloids, are formed in a different way, by a direct 
union of the acid with ammonia or some other alkaloidal base. 
Thus we have hydrochlorate or chlorhydride of ammonia 
NH3HCI, nitrate of ammonia NH3HNO6, &c. But salts of 
this character may, if we please, be considered to contain a com- 
posite metal, or rather metalloid, in place of the hydrogen of the 
acid. Thus by associating with every atom of ammonia in the 
salt an atom of hydrogen from the acid, we convert each atom 
of ammonia NH3, into an atom of ammonium NH4, a pseudo- 
metallic grouping, which in its combinations presents a most 
marked analogy to potassium, as illustrated below : — 



Ammonia salts. 
NH3HCI Chlorhydride. 
NH3HNO6 Nitrate. 
NHjH^SOg Acid sulphate] 
(NH3),H^S08 Sulphate. 



Ammonium salts. 

NH4CI Chloride. 

NH4NO6 Nitrate. 
NH4HSO8 Acid sulph. 
(NH4),S08 Sulphate. 



Potassium salts. 
KCl Chloride. 
KNOg Nitrate. 
KHSOg Acid sulph. 
K;,S08 Sulphate. 



Without assuming any knowledge of the actual molecular 
arrangement of ammoniacal salts, it is foimd most convenient in 
practice, especially when comparing them with metallic salts, to 
regard them as salts of ammonium rather than as salts of ammonia. 
But the salts of the correlated alkaloids aniline, morphia, strychnia, 
&c., are usually represented after the manner of ammonia salts, 
thus: — 



CSilorhydrides. 
NH3 . HCl Amipoma. 
C^HyN . Ha Aniline. 
C34H15NO6 . HCl Morphia. 
C4^H„N,04. HCl Strychnia. 



Acetates. 
NH3 . H4C4O4 Ammonia. 
CiaHyN . H4C4O4 Aniline. 
C34HxgN06 . H4C4O4 Morphia. 
C44H,,Na04. H4C4O4 Strychnia. 



(9.) It was formerly the custom to regard ternary acids as 

compounds of one or more equivalents of water with a special 

oxidised grouping, and the corresponding salts as compoimds of 

one or more eqidvalenta of metallic oxide with the same oxidised 



STNOPnC FOBMUL^, II 

grouping. Thus the formulae of chloric acid, chlorate of potas- 
siuin, and chlorate of ammonium were written HO.CIO5, KO.CIO5, 
and NH4O.CIO5, instead of HClOe, KClOe, and NH4CIO6 re- 
spectively. But this custom, which was based on assumptions 
since shown to be erroneous, is now falling graduaQy into disuse. 
Thus the acids of chlorine form the following series, the ternary 
members of which may be obtained by direct and successive 
oxidation of the binary member, chlorhydric acid, the hydrogen 
of which cannot possibly exist in the state of water : — 



HCl Chlorhydric. 

HCIO, Hypochlorous. 

HCIO4 Chlorous. 

HClOg CMonc 

HaOs Perchloric. 



KCi Chloride. 

KaO, Hypochlorite. 

KCIO^ Chlorite. 

KClOg Chlorate. 

KClOs Perchlorate. ' 



It is true that many ternary acids and salts may be directly 
or indirectly formed from, or separated into, a special oxidised 
grouping and water or metallic oxide, but the same acids and 
salts may also be formed from, or separated into, a variety of 
other sub-compoimds, and the one mode of composition or de- 
composition has no more right than each of the others to set up a 
rational formula. Thus if we act upon sulphate of copper by 
metallic iron, magnesia, peroxide of barium, and sulphide of 
sodium respectively, we have the following reactions : — 

CUSO4 or Cu . SO4 + Fe = FeS04 or Fe .SO4 + Cu 
CUSO4 or CuO . SO3 + MgO = MgS04 or MgO .SO3 + CuO 
CUSO4 OP CUO2.SO2 + BaOz = BaS04 or BaOz.SOj + CuOz 
CUSO4 OP CuS . O4 + NaS = NaS04 op NaS . O4 + CuS 

From each of these reactions we might, with equal reason, infer 
the pre-existence in sulphate of copper of the respective groupings 
SO4, SO3, SO2, and CuS, and the correctness of the respective 
rational formulae CU.SO4, CUO.SO3, CUO2.SO2, and CUS.O4,* in 
accordance with the theories of Dulong, Berzelius, Longchamps, 

• I^perlf, Cu^.8fist Cu^O^.S^Og, Cu^O^.B^O^, m^Ciug^v^v 
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and Laurent respectively. Moreover, sulphate of copper may be 
electrolysed into Cu and SO4 or SO3 + O, while it may be 
formed by combining CnO with SO3, or CUO2 with SO2, or CuS 
with O4. From considerations of this kind chemists have thought 
it better to employ, as much as possible, what are called synoptic 
formulae, which express only the composition of acids and salts, 
and not their internal molecular arrangement. 

(10.) The anhydrous acids assumed to pre-exist in ternary acids 
and salts are mostly hypothetical, but those which have an actual 
independent existence are found to be quite devoid of acid pro- 
perties, and in their reactions upon various classes of bodies to 
differ greatly from the corresponding acids. Hence the appella- 
tion acid is altogether inapplicable to them, and consequently the 
phrase anhydrous acid is becoming gradually disused, and the 
word anhydride adopted in its stead. The only anhydrides often 
concerned in chemical reactions are the carbonic, silicic, stannic, 
sulphurous and arsenious. With the carbonic and sulphurous 
anhydrides may be associated carbonic oxide and sulphuric 
anhydride respectively, as in the following table : — 

CO or C,0, Carbonic oxide. 
CO, or Cfi^ Carbonic anhydride. 



SiO, 


or 


siA 


Silica. 


SnO, 


or 


Sn,04 


Stannic anhydride. 


SO, 


or 


SA 


Sulphurous anhydride. 


SO3 


or 


S,05 


Sulphuric anhydride. 


ASO3 


or 


As,06 


Arsenious anhydride. 



The carbonic, silicic, stannic, sulphurous, and arsenious acids 
are unstable ill-defined bodies, which readily break up into water 
and the respective anhydrides. 

(11.) The general term salt is often taken to include the acid or 
salt of hydrogen as well as the salt of a true metal, such as sodiimi, 
or of a quasi-metal, such as ammonium. Using the term in this 
broad sense we say that when different salts of different bases or 
basylides occur in solution, they undergo mutual decomposition 
to a greater or less extent according to circumstances. Thus 
TfJien solutions of cloloii^e of hydrogen and nitrate of copper are 
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mixed together in equivalent proportions, we have produced 
chloride of copper and nitrate of hydrogen together with some 
unaltered chloride of hydrogen and nitrate of copper, or the two 
salts become four salts, thus : — 

icHCl + a;CuN06 = 3/CuCl +yHN06 + (x -y)HCl + {x -3/)CuN06. 

But whenever any one of the freshly-formed salts is removed 
from the sphere of chemical action by precipitation or volatilisa- 
tion we have a complete instead of a partial decomposition, 
thus: — 

orHCl + xAgNOa = a;AgCl + icHNOe. 

Hence we anrive at the following general law. Any two salts 
which by an exchange of their respective basylides can, under the 
conditions of the experiment, form an insoluble or volatile com- 
pound, undergo a complete double decomposition with precipita- 
tion of the insoluble or evolution of the volatile compound. 
Oxalate of calcium, for instance, being insoluble in water, we 
tnow that when chloride of calcium solution is mixed with excess 
of oxalate of ammonium solution, the whole of the calcium will 
be precipitated in the form of oxalate of calcium, thus : — 

2CaCl + {^B.;)zCfis = 2NH4CI + Ca2C408 

Again, acetic acid or acetate of hydrogen being volatile at a 
moderate temperature, we know that when acetate of sodium is 
heated with sulphate of hydrogen a double decomposition will 
take place, and acetic acid be liberated, thus : — 

NaH3C404 + H2S2O8 = H4C4O4 + NaHS^Os 

As will hereafter be seen, the deposition of characteristic pre- 
cipitates and evolution of characteristic gases or vapours con- 
stitute the most general means by which the presence of particular 
bodies can be analytically established. 
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§ H— CHEMICAL MANIPULATION. 

(i2.) The spirit-lamp is very useful for many operations, espe- 
cially when a small, smokeless, not over hot flame is required. 
The charcoal burner is scarcely necessary in a laboratory fur- 
nished with gas, but is otherwise almost indispensable. Burning 
charcoal furnishes a very manageable source of heat, but it 
requires frequent attention, and produces much dirt. In a 
chauffer of the kind figured on page 40, one or two pieces of 
charcoal may be kept slowly burning by occasionally blowing off 
the ash ; or a lai^e brisk fire may be kept up, capable of boiling 
a gallon or more of water. A few pieces of charcoal may also be 
readily burnt on a coarse wire grating or trellis, resting by its 
edges on a couple of bricks or other suitable support. But gas 
is by £ir the most convenient fuel for ordinary laboratory work. 
Among the burners which are most generally useful may be men- 
tioned the bat's- wing- gauze burner. This consists of an elbow 
of brass tube fitted with a large bat's-wing nipple, and screwed 
into a flat iron foot. It is also provided with a gallery of some 
kind to support a brass chimney covered at the top with wire 
gauze. The bat's-wing flame burnt without the chimney is con- 
venient for bending glass tube, and when reduced by partially 
turning off the gas is well fitted for blowpipe testing. With the 
chimney on, and the ascending mixture of gas and air burnt at 
the top of the gauze, as shown on page 36, a large smokeless 
flame is obtained suitable for heating sand-baths, flasks, test- 
tubes, &c. An Argand burner screwed into a flat iron foot and 
provided with a short brass chimney is also very handy for many 
purposes, especially when a steady long-continued heat is re- 
quired. When small flasks, &c., have to be heated, a flat brass 
ring with an aperture about the size of a shilling may be placed 
on the top of the chimney so as to confine the heat. A cap of 
wire gauze may also be fitted to the chimney so as to form a 
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gauze burner. In the Bunsen burner (fig. i), gas issues from a 

short jet fixed in the interior of an upright tube, having holes at 

the bottom through which air Fig. i. 

is sucked in, so as to produce 

a mixture of gas and air to be 

burnt at the top of the tube. 

The fiame is smokeless, and 

from its great heat well suited 

for ignitions on a small scale. 

In many Bimsen burners the 

gas may be either burnt in a 

single upright flame, as above 

described, or in a flat rosette 

of smaller jets well adapted for 

evaporations, distillations, &c., 

as shown on page 38. Herapath's burner (fig. 2), is a very 

useful instrument for effecting strong ignitions or fusions, and 

for glass working. 




It consists of a 
large blowpipe 
jet a, connected 
with the mouth- 
piece by a flexible 
tube, and sliding 
in the interior of 
a brass tube by 
furnished with a 
supply of gas 
through a lateral 
projection c,fitting 
on to an elbow on 
which it moves 
easily, so as to 
allow of the flame 
being turned in 
any direction. 



Fig. 2. 
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(13.) The mode of usingthe mouth blowpipe, though difficult 
to describe, is fortunately very easy to learn. The best blow- 
pipe for general laboratory use is that designed by Dr. Black 
(fig. 3 a). It consists of a small conical tube of brass or tin plate 
closed at its broad, and open at its narrow end, which is uauaUy 
fumiahed with a mouthpiece of bone or ivory. From the side 
of the cone near its broad end there projects a piece of narrow 
tube about an inch long terminating in a jet, through which 
Fig. J 




the current of air issues. This jet or nozzle should be turned 
out of a solid piece of metal, should be strictly conical both 
inside and out, and should fit cm to the conical end of the narrow 
tube by mere pressure without screwing. It is advisable to 
have a fine jet ibr testing, and a coarse jet for glass working and 
general heating, but ibr these last purposes a common brazier's 
blowpipe (fig. 3 h), or even a beat glass tube drawn out to a fiufi 
jxwit (£g. J c) will usually suffice. 
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A coarse bat's-wing burner with the gas partly cut off, so as 
to produce a flame scarcely larger than that of a candle, will 
be found very convenient for blowpipe testing ; but in default 
of gas, the flame of a large candle, or of a spirit lamp fed with 
solution of turpentine in spirits of wine, may be employed. The 
candle-wick should be cut of medium length, and turned in the 
same direction as the blowpipe jet. 

In using a blowpipe, the air must be projected by the muscles, 
not of the chest, but of the mouth, which should be blown out like 
a trumpeter's. The breathing has to be carried on through the 
nose only, and, after a little practice, it will be found easy to keep 
up a continuous pressure with the cheeks and lips quite un- 
affected by the alternating respiratory movements of the trunk. 
The mouth should never be allowed to get exhausted of air, but be 
constantly replenished from behind. It will be requisite for the 
student to acquire the power of producing either an oxidising or 
reducing flame at will. To produce an oxidising flame (fig. 4), the 
extremity of the jet should be placed inside the gas- or candle- 
flame, and a steady not too forcible current of air maintained. 
By this means a continuous, silent, lateral flame, of sharply defined 

conical form, will t^,. 

' Fig. 4. 

be produced. The 
interior of this 
flame close to the 
jet will be dark, 
and contain an 
excess of cold air 
from the mouth ; 
while surrounding 

it will be seen a somewhat thick layer of clear blue. This is the 
cone of perfect combustion, the pointed extremity of which consti- 
tutes the hottest part of the flame. Outside this blue cone, more 
especially at its termination, will be perceived a very slightly 
luminous yellow cone, in which the external air is in excess and 
at a very high temperature. This constitutes the oxidising por- 
tion of the flame, by exposure to which, a sca^kW. ^\^c^ q^ \xi^\»^ai^^ 
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tin, the size of a pin's head, should gradually swell up into a 

pulverulent mass of peroxide of tin. To produce a reducing or 

deoxidising flame (^g. 5), the blowpipe jet, which should be rather 

-p' - fine, is placed just outside the 

gas- or candle-flame, and a 
somewhat forcible current of 
air maintained. The result- 
ing blowpipe flame is much 
less sharply defined than that 
previously described, and con- 
sists principally of a large 
luminous cone containing an 
excess of unconsumed carbon, which exerts a powerful reducing 
action. A minute portion of peroxide of tin heated in this flame 
on a charcoal support may be readily brought to the metallic 
state even without the use of a flux. 

For glass working and for strongly heating small capsules 
and crucibles of platinum or Berlin ware, any ordinary blowpipe 
having a somewhat coarse orifice may be employed, but Herapath's 
table blowpipe will be found far more convenient. The heating 
power of the blowpipe flame depends upon the continuous impul- 
sion of hot gaseous matter on to the substance imder examination, 
and upon its rapid removal so soon as it has imparted its heat by 
contact. Moreover, a very perfect combustion of the fuel is 
effected, partly by air projected through the jet, partly by ex- 
ternal air drawn in fi'om the sides of the jet and flame, and 
coinciding in direction with the projected stream. 

(14.) Some amoimt of skill must be attained by the chemical 
student in constructing apparatus of glass tubing, and in other- 
wise working with glass. Ordinary tubing or rod may be cut of 
any reqtiired length by making a firm scratch across it with a 
triangular file, and then breaking it sharply at the file-mark by 
a conjoint pull and bend. Glass may also be as it were sawn 
through by means of a file, but the operation is rather tedious. 
It may be much &cilitated by occasionally wetting the file with 
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turpentine, or even with water. Glass may be bored through 
in a similar manner by a drill or a hard bradawl dipped in 
turpentine. When the neck of a flask, rim of a beaker, or 
portion of other glass apparatus, becomes cracked, a piece of 
ignited charcoal, or preferably of pastille, held in contact with the 
glass immediately in front of the crack, will serve to extend it in 
any desired direction, so as to cut off the neck or rim, &c. The 
charcoal may be kept alight by gently blowing on it. Pastilles 
are made of charcoal powder formed into a mass with thick gum, 
and rolled into quill-sized sticks, which are dusted with charcoal 
and dried. 

Glass stirring rods are best made from a piece of solid 
rod or cane long enough for two stirrers. This is to be heated 
at its middle point in the blowpipe flame, turning it constantly 
roimd and gently extending it, until a constriction is formed, 
which when cold is scratched with a file. The two halves are 
Fig. 6. then snapped apart, and the ends 

of the stirrers rounded off by 
directing the flame upon them 
for a few moments. 

Subliming or reduction tubes 
are made by taking a piece of 
glass tubing of about 0*2 inch 
bore and six inches long, heating 
it at its middle point in the blow- 
pipe flame until the glass is 
thoroughly softened, and then 
gently pulling the two halves 
asunder. The glass of which 
these tubes are formed should be 
clear, thin, and difficultly fusible. 
Ordinary glass tubing, unless very thick, may be bent in the 
flame of a bat's-wing or Bunsen burner. The piece of tubing 
should be heated over a considerable portion of its length, either 
at once or successively, and as it gradually softens be bent into 

C 2 
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the required shape. The production of any constriction in 
the bore may be avoided by causing some length of tube to 
take part in the bend, which should never form a sharp angle, 
but a well-rounded curve, as in the syphon (fig. 6). 

Glass tubing may be drawn out to an almost capillary point, as 
in the jet of a wash-bottle, end of a pipette, &c., by heating a portion 
of it, about a quarter of an inch long, until it just softens, and then 
steadily pulling until a sufficient constriction is produced, which is 
afterwards scratched with a file and snapped across. The point 
may have its edges rounded, and its aperture further diminished 
if necessary, by holding it in the flame for a few seconds or so. 
In order to point the end of a piece of tubing, another piece of 
tubing or rod must first be joined thereto by the blowpipe, so 
that the necessary extension may be made. It is often advisable 
to thicken a tube slightly at the spot where it is to be drawn out, 
by rotating it for some time in the flame, and gently pressing its 
ends together. In this way the conical aperture may be made 
both strong and fine. 

(15.) Glass-blowing is a valuable accomplishment to the practical 
chemist, but there are only one or two small operations with which 
it is actually necessary for the student to become familiar. It 
will be rarely worth while for him to make his own test-tubes, 
but he should be able to reseal any that have got accidentally 
broken. By means of the blowpipe a piece of waste rod or tubing 
must first be joined firmly on to two or three projecting points 
of the broken end, and be made to coincide as nearly as prac- 
ticable with the axis of the test-tube, as in fig. 7. Then, at about 

Fig. 7. 




half an inch or more from its broken end, the tube is to be 
steadily heated in a large blowpipe flame, and constantly rotated 
until a considerable constriction is formed, when gentle extension 
may be employed. The flame is now to be directed upon what 
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Fig. 8. 



will form the bottom of the tube, just at its bend or shoulder, 
and the extension continued. By this means the end to be 
pulled away will be left irregularly conical, and that of the new 
tube well rounded. Finally, the thread of glass proceeding from 
the cone is to be strongly heated at its junction with the tube 
until it melts and becomes detached. There is thus always left 
on the bottom of the tube a little burr or projection of melted 
glass, which, if suflSciently small, may be made to disappear by 
heating it and the whole bottom of the tube until the glass is 
soft, and then blowing into the tube with moderate force while 
rotating it in the mouth. If tod large for this treatment, the 
burr may be melted in a small blowpipe-flame, and 
a piece of waste tubing previously warmed applied to 
it, and quickly drawn away, so as to bring the burr 
with it. In this manner a smaller burr will be left, 
which may be melted into the bottom of the tube as 
above described. The mouth of a test-tube may be 
everted by softening it in the flame, and then bending 
the edge uniformly outwards by the smooth end of a 
file or a thick iron wire previously heated nearly to 
redness ; or else a conical piece of charcoal may be 
twisted into the softened mouth of the tube. 

Glass tubes sealed at both ends constitute the best 
means of preserving small specimens, either of liquid 
or solid. One end of the tube is first sealed as if for 
a test-tube, save that the small burr need not be 
interfered with. The other end is then constricted 
to a greater or less extent, according to the size 
of the specimen to be introduced, so as to leave 
a funnel-shaped appendage, as in fig. 8. Liquids 
may be introduced through a very constricted open- 
ing by alternately warming and cooling the body 
of the tube while the liquid is contained in the funnel. 
Ailer the substance has been introduced, a small blowpipe- 
flame is gradually brought to bear upon the constriction, 
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and the sealing- completed. Very careful heating is more parti- 
cularly required when the constriction is moist from the passage 
of liquid. For practice the student should seal up small tubes 
Fig. 9. filled to within an inch or so of their 

length with water, spirit, sulphur, sugar, 
&c. Sealed tubes are also used for 
effecting reactions under pressure, when 
their ends have to be made with great care 
so as not to be less resisting than the 
original sides. Small bulbs may be blown 
either at the end or in the length of a 
piece of tubing. The closed end is to be 
thickened by rotating it in the flame for 
some time, and pressing it up with a piece 
of charcoal until enough glass has accumu- 
lated. This thick portion is next to be 
strongly heated, then withdrawn from the 
flame, and air quickly but gently blown 
into it from the other end during constant 
rotation. Or a bulb may be blown in the 
course of a tube, as in making a ^bulbed 
pipette {^g. g b)y for instance. For this 
purpose a portion of the tube is to be 
thickened considerably by rotating it in the 
flame for some time and gently pressing the 
two ends together. The nearest end is 
then to be closed with a cork, and the 
thickened portion, having been strongly 
heated, is to be distended into a bulb by 
blowing in at the other end, during rotation 
in the mouth. In making a pipette, a 
b strong capillary termination should be first 
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formed, and the bulb afterwards blown. The suction orifice may 
be everted or not at pleasure. The successftd blowing of even 
small bulbs will not be found easy save after considerable practice. 
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(16.) Connections of tubing and apparatus are made in various 
ways. Two pieces of tubing of the same diameter may be sealed 
together, but the operation requires some amount of skill for its 
performance. The two ends, well adapted and by preference 
slightly everted, should be heated to softening in the Bunsen or 
blowpipe flame, and then brought steadily into contact, taking 
care that the edges exactly coincide. The junction has then to be 
heated for some time, constantly rotating the tube, and alternately 
pushing and pulling the free ends, one of which should be 
stopped with a cork, and the other occasionally blown into, so as 
to maintain a proper calibre. A piece of wide may be joined to 
a piece of smaller tubing, by first drawing out the former to a 
point, and then cutting it across just where its diameter coincides 
with that of the narrow tube. The two can then be joined 
together as if originally of equal size. In this way fimnel-tubes 
may be made. 

Glass tubes of more or less similar diameter are best connected 
by means of a short piece of vulcanite tubing, the internal diameter 
of which should be rather less than the exterior diameter of the 
glass tubes, so as to grasp them firmly by its contraction without 
requiring to be tied. In the absence of vulcanite, small connec- 
tors may be made of sheet india-rubber, a piece of which of the 
required size is to be gently warmed, and wrapped roimd a glass 
rod or tube, when its opposite edges, having been cut obliquely 
so as to overlap, and firmly pressed together with the thumb- 
nails, will, if freshly cut and perfectly clean, adhere thoroughly. 
The removal of the caoutchouc connector from the tube or 
rod on which it has been made may be facilitated by first 
moistening the rod in 1;he mouth or afterwards dipping it in 
water. Glass tubes may often be connected by a considerable 
length of vulcanite tubing, which, moreover, may be closed at 
will anywhere in its course by pressing it together with a 
clamp of some kind, or even by tying it tightly with string. A 
stiff union of two tubes may be made by wrapping a piece of 
well-soaked bladder several times round their apposed ends, 
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and allowing it to dry on. Or they may be first connected by a 
piece of vulcanite tubing, and then stiffened by tying on one or 
two wooden splints made out of lucifer matches. In this way 
an ordinary funnel may be readily converted into a funnel-tube. 
An extempore fimnel-tube may also be formed by merely 
resting a small funnel in the ' suction-orifice of a plain straight 
pipette (fig. go). 

A small tube may be adapted to a considerably lai^ger one, or 
to the neck of a flask or bottle, by means of a well-fitting per- 
forated cork, the size of which can be readily reduced to any 
required extent by rasping and filing. A sound cork of slightly 
conical shape, and of such a size as to require some little force 
for its insertion, having been soflened by pressure between the 
fingers or rolling under the foot, should be pierced by thrusting 
the end of a rat-tail file halfway through it from each end, and then 
right through. The hole so made must be enlarged by filing 
until of a size to fit the tube tightly. When two or more holes 
have to be made in the same cork, care must be taken to have 
them all parallel, and as equidistant as possible from one another 
and from the outside of the cork. For making the necessary 
perforations variously-sized brass tubes with cutting edges, known 
as cork-borers, may be used with advantage instead of files. 
The holes made with them should always be rather too small at 
first, so as to require some little filing. By means of cork-borers, 
also, very admirable substitutes for corks may be cut out of solid 
vulcanite. The end of a tube to be inserted through a perfora- 
tion should always be rounded off by carefully heating it to red- 
ness, so that it may not cut or tear the bore, through which after 
cooling it is to be gradually thrust with ft screw-like motion. If 
fitting very tightly, it may advantageously be greased before in- 
sertion. The cork, with its tube or tubes, is next to be fitted to 
the neck of the flask or bottle by direct pressure with the fingers 
and by gentle screwing. That the junction is air-tight may be 
ascertained by sucking out or blowing into the closed apparatus, 
and noticing with the tongue whether any exhaustion, or by the 
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ear whether any compregnon, iB produced ; c 

preesed air through the 

porea of an nnsound cork 

may be rendered vigible 

hy first covering ite sur- 

&ce with a layer of 

water. Lutes should be 

avoided as much aa pos- 

nble, but sealing-wax, 

Tarnish, white lead, and 

linseed meal paste are 

sometimes useful to stop 

a leak. Occoaianally two 

pieces of tubing of more 

or less similar diameter 

are connected by being each of them inserted halfway through 

the opposite ends of a long perforated cork. 

(17.) By means of glass 
tubing, Tulcani te conn ectors, 
perforated corks, and flasks, 
bottles, or test-tubes, the 
student may construct for 
hiniBelf a variety of useful 
apparatus, such, for instance, 
as the drop-bottle (fig. 10). 
From this, when surrotmded 
by the warm hand and in- 
verted, the water or other 
contained liquid issues in 
a saccession of drops; but 
when forcibly blown into 
and quickly inverted, a 
jet of water springs forth 
with contdderable but grad- 
ually decreasing force. This 
bottle, which should never 




26 



CHEMICAL MANIPULATION. 



be more than half filled, is convenient for moistening sub- 
stances, and for washing down into filters or evaporating 
dishes the firequently adhering contents of inverted tubes and 
beakers. 

The wash-bottle also (fig. 1 1 ), when held in an upright posi- 
tion and blown into through the short tube, furnishes a fine 
strong jet of water suitable for washing precipitates; while, upon 
simple inversion, it delivers a coarse stream of water through the 
blow- tube, serving to dilute solutions, fill test-tubes, &c. The 
blow-tube may conveniently be made with a vulcanite joint or 
vulcanite mouthpiece, so as to allow some freedom of movement 
during its use. The jet also may be attached by a cork joint, 
whereby it can be pointed in any direction. It is convenient to 
have sevei-al wash-bottles, one for cold distilled water, one made 
out of a flat-bottomed flask for boiling water, one of smaller 
size for alcohol, &c. The neck of the hot-water flask should 

be boimd roimd with list or 
something of the kind, so 
as to allow of its being 
handled. The blow-tube 
of the alcohol flask may be 
closed by a short length of 
vulcanite, one end of which 
has been stopped with a bit 
of glass rod. 

Eetorts suitable for the 
generation of gases are 
readily made by adapting a 
bent tube and cork to a 
small flask or test-tube, as 
in fig. 12. But when the 
gas is liberable without the 
application of heat, a small 
phial, of such a shape as 
to stand firmly on the table, may be used instead of a flask. 
The addition .of a funnel-tube is usefiil when fi'esh liquid has 
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Fig. 13. 




to be supplied from time to time in order to maintain the effer- 
vescence. The bottom of this tube must dip imder the liquid 
in the retort or bottle, so as to be cut off from the liberated 
gas. 

An arrangement of the kind shown in hg. 13 is useftil for 
testing the nature of a gas generated 
by the action of a known liquid, 
usually an acid, upon some unknown 
substance. The acid is poured upon 
the other substance through the tube- 
funnel, and the gas conducted by the 
bent tube into the test solution, 
where its effects, if any, are observ- 
able. 

Gases often requii*e to be purified 
by acting on them with certain liquid 
or solid reagents capable of retaining 
their different impurities, of which 
aqueous vapour is by far the most 
common. The solid reagent, divided 
into small pieces, is usually contained 
in a glass tube either straight or bent 
in the form of the letter U, a little 
cotton wool or tow being interposed 
between it and the perforated corks 
of the tube. The liquid reagent is 
either absorbed into pieces of pumice 
or other porous solid contained in a 
U-tube, or the current of gas is al- 
lowed to bubble through the liquid 
contained in a two-necked bottle, or 

in a wide-mouthed bottle, or in a U-tube, according to circimi- 
8tances. Most insoluble gases, when required in a pure state, 
are first washed by bubbling through water, so as to remove 
mechanical impurities, and then dried, if necessary, by passing 
over chloride of calcium or pumice soaked in oil of vitriol. 



28 



CEEUICAL MAHTFULATION. 



An apparatus for evolving sulphuretted hydrogen gas is indis- 
pensable to the amilyst. For ordinary testing the generating 
bulb shown in fig. 14 is decidedly the most convenient. Four or 
five small lumps of sulphide of iron, not larger tJiau peas, are did 

Fig. 14. 




down the neck into the bulb, and covered to some depth with 
■water. Sulphuric acid is then added little by little, until a brisk 
effervescence is produced, which usually happens when the acid 
measures about one-tenth part of the water previously introduced. 
The mouth is then closed by a tightly fitting cork, or even by the 
thumb, and the evolved gas transmitted through the solution to 
be examined. Students are apt to employ too much sulphide, 
whereby the action is violent and soon over, and too strong an 
acid, whereby the evolution of gas is altogether arrested. The 
reaction is as follows : FeiSj + BSiQi = HSz + Fe^SiOs, and 
takes place most readily when there is a sufiiciency of water 
present to dissolve up the sulphate of iron as fast as it is formed. 
In the absence of the above-described bulb, tlie arrangement 
shown on page 27 may be employed. The gas irom either appa- 
ratus may be washed, if necessary, by transmission through a 
little water contained ia a second generating bulb, or in a test- 
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tube, as shown in ^g, 15. But when a continuous supply of 
washed sulphuretted hydrogen is required, as in some toxicological 
experiments, a different arrangement is preferable. The gas is 
developed in a Wolfe's bottle, into one neck of which there passes 
a tube-funnel, Fig. 15, 

and from the 
other a deli- 
very-tube bent 
twice at right 
angles, which 
dips through a 
wider tube into 
a second bottle 
charged with a 
very dilute so- 
lution of pot- 
ash, and fur- 
nished with a 
delivery - tube 
conveying the 
gas into the 
solution to be 
precipitated, as 
in %. 42. But 
contrivances of 
this kind may 
be infinitely varied, according to the fancy of the operator. 

(18.) Filtration is performed in order to separate a mechanically * 
mixed liquid and solid, with a view to obtain the clear liquid 
which passes through the filter, or the suspended solid which is 
retained on the filter, or both liquid and solid apart from one 
another. For analytical purposes, a fine, thin, white blotting- 
paper is employed as the ordinary filtering medium. Boiling 
water should not dissolve anything from it, and when burnt it 
should leave scarcely any appreciable ash. It is sold either in 
sheets, or preferably cut into circles of various sizes. A round 
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or square piece of the paper is folded, in one or other of two ways, 
into the form of a cone, which, unless very small, should rest in 
a flmnel of glass or fine porcelain. Wien the object of filtration 
is merely to clarify the liquid, and especially when such liquid is 
at all viscid, or requires to be very quickly filtered, as often 
happens with a hot saturated solution, a ribbed filter is employed. 
The mode of folding this filter is not easily described, though very 
easily learnt when once seen. A circle or square of paper is 
folded first into halves, then into quarters, and each of the two 
double quarters again into quarters, all the creases being made on 
the same side of the paper ; cact sector is next to be divided into 
two by a crease down the middle made on the opposite side of the 
still doubled paper. At this stage the filter assumes the form of a 
child's &n (fig. i6 a), and in the event of a square of paper having 




been used, the projecting ends may be cut off while the fen is 
closed. The doubled halves are now for the first time separated, 
which may be fecilitated by blowing on to the edge of the paper, 
■when a deeply ribbed cone will be produced, consisting every- 
where of alternate internal and external angles, except at two 
opposite places where two external angles will be found together, 
between each of which a subsequent fold must be made, ao as t» 
produce an internal ai^le between them. The filter ia now 
completed, and when gently opened out has the form shown in 
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fig. 16 5. The different creases should be made very sharply at 
the circumference, but indistinctly at the centre of the paper, for 
fear of weakening it too much. 

But when the chief object of filtration is to collect the sus- 
pended matter, most usually a precipitate specially thrown down, 
a plain filter is much to be preferred. A piece of paper is folded 
into halves and then into quarters, when it will have the outline 
of an isosceles triangle, with two straight and one curved side if 
£:>lded fix)m a circle, or with three straight sides if folded diago- 
nally irom a square, in which case the base must be cut round, as 
shown in fig. 17 a. The filter is then opened out, leaving three 

Fig. 17. 





m 

thicknesses on one side and one thickness on the other, so as to 
form a smooth cone (fig. 1 7 h), which is carefully fitted into a 
funnel in such a manner as to be well supported aU round. The 
funnel should be rather larger than the filter, so as to project 
somewhat beyond it, while the filter itself should always project 
beyond the contained liquid. Where it is necessary to employ a 
double filter, the two should be folded separately, and so arranged 
in the fimnel that the three thicknesses of the one may correspond 
to the one thickness of the other. The outside filter is oflen made 
very small, so as merely to support the bottom of the other. A 
filter should always be wetted before receiving the mixture to 
be filtered. This is necessary in order to swell the paper and 
thereby close its pores, which are otherwise apt to become choked 
with the precipitate, if indeed some of it be not carried through 
by the rapid imbibition which at first takes place. When the 
liquid passes through the paper at all turbid, it should be 
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returned once or twice into the filter, after which it will generally 
come through clear. It is usuaUy advisable to let the mixture to 
be filtered subside a httle before beginning its filtration. The 
compftratively clear liquid is then poured off into the filter, and, 
when it has run through, the thick sediment added separately. The 
interior of the tube, test-glass, or beaker, 
^' which contained the mixture, is next to 

be washed down by a small forcible 
stream from the waah-bottle, and the 
rinsings poured on to the deposit left in 
the filter by the draining away of the 
previously added liquid. Lastly, by 
means of a wash-bottle, any deposit ex- 
tending up the aides of tlie filter is 
washed down to the centre, so that the 
entire precipitate may be collected into as 
small a bulk as poaaible, for further treat- 
ment. It is often necessary, moreover, 
to wash a precipitate thoroughly, so as 
D free it from every trace of soluble 
matter. This is done by projecting water 
upon it several times by means of the 
wash-bottle, and allowing the bulk of 
each addition to filter away before repeating the process, until, on 
evaporating down a few drops of the filtered washings, no reddue 
whatever is left upon the slip of glass or platinum foil. The stream 
of water must not be too forcible, for fear of making a hole in 
the filter or causing a spurting of its contents. Moreover, in 
pouring into an empty filter, the liquid should be directed along 
the side and not immediately upon the point of the filter, which 
is its most unprotected and consequently weakest part; while the 
filtrate, if received in a wide glass or evaporating dish, should be 
made to run along the side of the glass or dish, so as to avoid 
spurting. Again, in pouring from one vessel into another, from 
a beaker or wide-moused flask into a funnel for intiance, a glass 
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rod should be* applied to the lip of the ilask or beaker, as shown 
in ^g, 1 8, not only to direct the course of the liquid into the 
ftinnel, but also to prevent any of it being spilt by running over 
the side of the delivering vessel : this running of the liquid over the 
side may also be avoided by greasing that part of the lip which 
is poured from, with a little tallow or spermaceti ointment. 

It is frequently necessary to remove a wet precipitate from 
the filter whereon it has been collected, which can be done in 
several ways. The well-drained filter, carefiilly removed from 
its funnel, may be spread out on two or three folds of bibulous 
paper to absorb superfluous moisture, and the precipitate be 
then carefiilly scraped off by a spatula of ivory, platinum, or 
steel ; or the filter may be spread out on one side of the fimnel, 
and its contents washed quickly down by a forcible stream from 
the wash bottle ; or, by me^ns of a glass rod, a hole may be 
made in the bottom of a filter and its contents washed through ; 
or the precipitate may be dissolved off the filter by causing 
some solvent, usually an acid, to pass through it several times, 
preferably at a boiling temperature. 

Decantation ofi«n fiimishes a ready substitute for filtration 
where the solid part of a mixture has subsided to the bottom of 
the vessel. The speedy and complete subsidence of a freshly 
formed precipitate may ofi;en be effected by violently shaking 
up the mixture for a few minutes in a closed vessel, when, afi;er 
standing at rest for a little while, the clear supernatant liquor may 
be poured off with a steady hand, or be withdrawn by a syphon 
or pipette. In the latter case, the immersed end of the syphon or 
pipette should not be brought too close to the sediment for fear of 
disturbing it, and may ofi^n with advantage be slightly turned up. 
The delivering end of a syphon is best guarded by the thumb 
ready to close it in an instant should any deposit be drawn in. 
Moreover, in using a pipette great care must be taken not to 
allow any of the liquid once sucked up to descend again upon 
the sediment so as to disturb it. A deposit from which the 
supernatant liquid has been removed by some form of decantation 

D 
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may be washed by pouring water on to it, stirring it well up, 
and letting it again aubaide far a second decantation, and so on. 
A thin layer of liquid overlying a deposit may often be sucked 
up very completely by a coil of bibulous paper, introduced with 
care ao aa not to disturb the deposit. 

SypbonB and pipettes are useM not only for Bepaiating a 
supernatant liquid &om a deposited solid, but also ibr separating 
two strata of different liquids from one another. 

(19.) Apparatus to bo heated over the sevetal biirners already 
described, may be supported in various ways. It may rest on 
the ring, or be held on the clamp of a retort-stand, or an inde- 
pendent upright clamp or iron tripod stand may be employed. 
The tripod is often replaced with advantage by a jacket of clay, or 
metal, surrounding the burner. 
Fig. 19. and BO preventing draughts, as 

shewn in fig. 19. Iron triangles 
also to rest on the top of the 
jacket, tripod, or retort-ring, are 
in constant requisition. A tri- 
angle of iron wire, sheathed with 
three pieces of tobacco-pipe, is 
useiiil for supporting small por- 
celain crucibles that have to be 
made red-hot, but the mass of 
the tobacco-pipe interferes with 
the attainment of a very high 
temperature. Small triangles of 
platinmn wire are much more 
convenient. 
Flasks and retorte may be heated at some little distance over 
an argand flame without the interposition of any medium. But 
with the gauze burner, and more particularly with the Buasea 
burner, it is advisable to protect the bottom of the vessel by a 
piece of stout wire gauze. Beyers should be placed either on 
a flat iron plate or sand-bath, and the heat be raised cautiously. 
PoTceiain evaporating dishes may be heated ahnost anyhow. 
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according to circumstances, but when the flame touches the 
bottom of the dish some little care is necessary, both at the 
conmiencement of the operation and when the liquid is nearlj 
evaporated to dryneaa. Watch-glasses require very careful 
heating. They are best held by the thumb and finger over a 
small fiame, but may be supported by forceps, wire-triangle, or 
special watch-glass holder. When containing liquid, to be heated 
by means of a sand-bath, they should not be depressed into, but 
just rest on, the top of the hot sand. Test tubes may be readily 
heated in the flame of a spirit-lamp or gauze-bumer. They 
should be held between the thumb and fingers, and constantly 
shaken from side to side, especially during boiling, to prevent 
any expulsion of the contained liquid, with which they should 
not be more than half filled. When the boiling has to be long 
continued, a piece of paper or cloth may be boimd or twisted 



Fig. 20. 



round the upper part of the tube, 
80 as to protect the fingers. Test 
tube holders are rarely of much use. 

Small capsules and crucibles of 
platinxmi or Berlin ware may be 
heated to redness over an argand 
(fig. 20), or to full redness over a 
B onsen burner, or by the blowpipe 
fiame. They may be held either 
with jforceps or on triangles of wire 
or tobacco-pipe. When a strong 
heat is required, they should be 
surrounded with a small jacket of 
metal or clay. 

Sand-baths are usually formed of sheet iron. Some are made 
rather deep to receive flasks and retorts, others nearly flat for 
beakers. The sand, which must not be heaped above the level of 
the liquid to be heated, should be of uniform size and rather 
coarse. An iron plate, or trellis of thick iron wire, forms an 
excellent substitute §or a flat sand-bath. 

02 
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r-bath ia used for heating substances to a temperature 
not exceedii^ 100° G. A small saucepan, with an evaporating 
dish ibr a cover, forms a capital makeshift. The saucepan 
lid may be replaced by 
a series of broad rings of 
tin plate, having aper- 
tures of different sizes to 
support small evaporating 
dishes (lig. zi), capsules, 
watch - glasses, necks of 
flasks, &c. Beakers, flasks, 
and retorts, to be heated 
in a water-bath, should 
not be aUowed to touch 
the bottom of the bath, 
but should rest on a 
piece of tow or folded 
cloth, as well to avoid dan- 
ger Irom bumping as to 
prevent the commimication of an increased temperature by 
contact with the heated metal. 

(zo.) Heat is applied to liquids in order to warm, evaporate, 
boil, or distil them. Evaporations are performed on slips of flat 
glass, or on watch-glasses, or evaporating dishes. The crystalline 
forma of various salts may often be recognised by dissolving a 
grain or so of the salt in a drop or two of water on a glass slip, 
evaporating until a solid margin appears, and setting aside to 
crystaUise. The residue may then be examined by a lens, or 
under the low power of a microscope. The evaporation of a 
small quantity of liquid, contained in a watch-glass ibr instance, 
may often be promoted by gently blowing on its surfiice for a 
little while. A dish in which evaporation ia taking place 
(fig. 19} may be loosely covered with a piece of filtering paper, 
stjflened by a glass strip passed through and across it; and care 
should be taken not to allow the liquid to boil. In evaporating 
io drfaesa, it is well to have the heat lowered as the process 
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Fig. 21. 



approaches completion^ and the residue, if considerable, kept 
constantly stirred. 

Ebullition is conducted on a small scale in test tubes, and on 
a larger scale in flasks, Florence oil flasks being among the best 
and cheapest that can be employed. A flask of cold liquid, held 
over a naked flame, quickly be- 
comes covered with a deposit of 
moisture, which it is advisable to 
wipe off once or twice. It is 
better not to sustain the flask by 
a fixed support at first, but, 
holding it in the hand, to move 
it about over the flame for a few 
moments, with a gentle rotating 
motion ; or if the flask be fixed, 
the burner shoidd be moved 
round about underneath it. Ebul- 
lition sometimes takes place inter- 
mittingly, and with considerable 
jerking or bumping. This may 
oflien be prevented by introducing 
a coil of platinum wire or foil 
into the liquid, either before boil- 
ing or afl^r cooling down a degree 
or two. If introduced during 
boiling, it is apt to produce a 
violent rush of vapour. It is 
occasionally useful to adapt a long 

upright tube to the mouth of a flask (fig. 22) in which a 
Hquid is being heated, so that any vapour given off may be 
condensed in the tube, and flow back again into the flask. 

Distillation is usually conducted in an apparatus composed of a 
boiler, condenser, and receiver. On a small scale the boiler is 
represented by a glass retort, or flask with its bent tube, the 
receiver by a test tube, flask or bottle, and the condenser by a 
long glass tube placed between the letoxt au^ x^^^\m\sv% ^^sv^. 
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and Enirrotmded either by a constantly changing layer of water, as 
in Liebig's condenser, or by a piece of blotting-paper kept moist 
by the constant dripping of water. Very often a separate con- 
densing tube is dispensed with, and the long neck either of the 
retort or receiving flask alone employed. Fig. 2 3 shows a very 
simple arrangement of this description. The liquid is boiled in a 
long-necked retort, and the distillate conducted by means of a 

Fig. 23. 




bent adapter into an upright bottle. A twist of thoroughly 
wetted tow, 6r lamp-cotton, is tied somewhat tightly round the 
retort-neck, at about an inch above the point where it enters the 
perforated cork of the adapter, and the ends of the twist allowed 
to hang down for two or three inches. A piece of filtering 
paper of suitable size and shape to embrace almost the entire 
circiunference of the neck, and reach fi:om just above the twist 
of tow almost to the curve of the retort, is moistened with water, 
laid upon the retort-neck and bent round it so as to adhere 
closely. A second piece of filtering paper is at first folded into 
four strips and then placed over the other, so that the flaps being 
bent down, its middle portion will form a small channel along the 
top of the retort-neck. It should be about two-thirds the length 
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of the other, and not reach bo high up. By this arrangement 
the water constantly dropping out of a partly plugged funnel 
from the height of half an inch or so on to the surface of the 
inner paper, at a little distance irom its upper extremity, is con- 
veyed along the channel, spread uniformly over the retort-neck 
and drained away by the twist of tow. If the short length of 
neck intervening between the twist and adapter be dry at the 
b^inning, it will continue so throughout the experiment. For 
further security, however, it may be marked with a ring of 
grease. Adapters are of all shapes and sizes. Such a one as 
that shown in the woodcut is easily made out of a piece of 
tubing or broken retort neck. Others, intended to act more 
or less as condensers, are represented in fig. 24. Another 




convenient form of distilling apparatus is shown in fig. 39. The 
boiler consists of a roimd flask, from which a long wide bent 
tube dips through a perforated cork into a Florence flask resting 
in a basin of water. The cork must either not fit tightly or 
have a slit cut in it, so as to permit the escape of any imcon- 
densed vapour. The neck and upper surface of the receiving 
flask should be surroimded with filtering paper, on to which 
water should drop firom a fimnel. A bend of sheet lead may be 
placed over this flask so as to sink it in the water. 

One of the simplest varieties of Liebig's condenser is shown in 
figure 25. It is merely a cylinder of tin-plate, having four 
slightly conical tubular apertures — two in the same line with 
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each other at either end of the cylindrical surface, and two 
opposite each other in the terminal circular planes. By means 
of well-fitting perforated corks a funnel tube of tin-plate or glass 
is inserted into the lower horizontal aperture, and a bent tube of 
tin or glass into the upper, while the distilling tube exteods 
through the axis of the cylinder. The hot contents of the dis- 
tilling tube pass downwards, becoming colder and colder io their 




descent, while the stream of cold water entering the condenser 
through the funnel passes upwards, becoming hotter and hotter 
in its ascent until it escapes at the overflow pipe. The con- 
denser may be fastened to a retort-stand with string or wire, as 
in the figure, or may be supported by a clamp of some kind. 
The tin cylinder may be replaced by a wide glass tube closed at 
each end by a cork having two perforations, one to receive the 
distilling tube, and the other a suitably bent funnel tube at the 
lower, and an overflow tube at the upper cork. 

In other forms of Liebig's condenser, the interior condensing 
tube is fixed more or less permanently within the exterior metal 
cylinder, and the end of the retort-neck, or of the bent tube pro- 
; from a flask, fitted into its upper aperture by means of a 
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perforated cork. This kind of condenser is provided with a 
special support, which allows it to be heightened or lowered at 
will, and placed at any desired inclination. 

(21.) Heat is applied to solids in order to warm, dry, ignite, 
fuse, or volatilise them. Any tube, flask, or retort, the interior of 
which cannot be reached by the fingers, should, after thorough 
cleaning *, be rinsed once or twice with distilled water, and then 
drained as dry as possible by means of draining pegs or some 
other mode of support. It should next be warmed carefully 
over a gas flame or in firont of a fire, and the hot moist air 
sucked out of it from time to time by the aid of a long tube 
reaching into it for some considerable distance, as shown in 
fig. 26. Narrow glass tubing is dried by heating some length of 
it over a firas _. 

burner or spi- 
rit lamp, and 

simultaneous- 

ly sucking 
air through 
it with the 

mouth. In the absence of an air- or water-oven, reduction tubes 
and similar small pieces of apparatus may be dried by heating 
them on a sand-bath, or preferably on a flat iron plate, standing 
over a burner, which in many other cases also may be advan- 
tageously substituted for a sand-bath. Moist powders of various 
kinds may be dried on a water-bath, or sand-bath, or by ignition 
over an argand burner, &c., according to circumstances. A washed 
precipitate retained in its filter and funnel may oflen be quickly 
dried by supporting the funnel on a broken beaker or short lamp- 

* There is seldom much difficulty in cleaning laboratory glass from any 
stain or dirtiness which is not of long standing, by means of cold or hot 
water and dilute or strong acids or alkalies, aided by extempore brushes 
made of moist tow dipped in sand and fastened on to thick pieces of wire, 
or by tube-brushes made specially for the purpose. Flasks, retorts, &c. 
may often be very efficiently cleaned by shaking them up somewhat \'io- 
lently, after the introduction of a little water and a few pieces of soft paper 
or rag. The interior of narrow glass tubing is best cleaned by pushing a 
piece of moist filtering paper through it. 
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glass standing upon a trellis of iron wire, underneath which a Btnall 
gas-flame is kept bumii^ (fig. 17). Or the filter may be sup- 
^ ported over a heated iron 

plat« by means of a Email 
tripod-stand, easily made 
out of copper-wire. When 
nearly dry, the filter with 
its contents may be removed 
from the tiumel and placed 
la a water-bath ; or the 
washed precipitate and filter 
may be removed carefully 
from the ftinnel, proaaed 
gently between folds of blot- 
ting-paper, and placed at 
once in the water-bath. At 
moderate temperatures, dry- 
; over oil of vitriol in the 
exhausted receiver of an air- 
pump takes place with con- 
siderable rapidity. Moreover, a shallow air-pump-jar standing on 
a plate of ground glass over a dish of oil of vitriol or quiekhme, 
forms a very convenient chamber in which all sorls'of bodies may 
be dried and kept dry. Animal solids are frequently subj ected to 
ignition in order to bum off the organic, and leave behind the 
mineral matter, or ash. The tissue, &c., may be first carboniEed 
in small portions at a time in a thin Berlin capsule or crucible, 
heated over a gauze burner, in some place where the empyreu- 
matic vapour, &o., can be readily got rid of. The resulting 
charcoal should then be pulverised, and the powder heated 
steadily for some hours in a shallow platinum capsule, or on a 
tray of platinum foil, supported over an ar^nd flame, when the 
charcoal will gradually bum away, and a white or greyish ash 
be left. The temperatiu-e should never exceed that of dull red- 
ness, as otherwise the ash, save that of blood, is apt to fuse over 
the remaining charcoal, and so prevent its combustion. The 
operation is much &cilitated by protecting the capsule from 
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draiiglits, and particularly by placing over, but not immediately 
upon it, a cover of thin platinum foil. Carbonate of sodium 
and other fluxes employed in testing, are often heated to dull 
redness over an argand flame just before being used. Moreover, 
in quantitative analysis, Alters and their contained precipitates 
are constantly being burnt, so as to get rid of the filtering paper 
and leave the precipitate in a state fit for weighing. The igni- 
tions made on charcoal or platinum wire in the course of blow- 
pipe testing will be presently described. 

Independently of the many fusions made in the course of 
blow-pipe testing, others on a somewhat larger, though still very 
small scale, will occasionally have to be performed by the student. 
There are, for instance, a few substances which require to be 
fused with carbonate of sodium or potassium, either alone or 
mixed with some other reagent, before they can be brought into 
a state of solution, and so identified by ordinary analytical pro- 
cesses. The insoluble substance is usually mixed with three or four 
times its bulk of a mixture of carbonate of sodium with carbonate 
of potassium, or in some cases nitrate or cyanide of potassium, and 
heated to thorough fusion over a Bunsen or blowpipe flame in 
a platinum or porcelain capsule or in a small iron spoon. In 
making these fusions, it is most important that both substance 
and flux be weU dried, very finely powdered, and intimately com- 
mixed. The capsule or crucible should be heated at first very 
gradually, but ultimately to the highest attainable temperature. 

The only volatilisations which the student will be called upon 
to perform are made in narrow glass tubes, open at both ends 
-when a current of air is required to act upon the heated sub- 
stance, or open at one end only when a simple sublimation is 
intended. Powdered substances of various kinds may be intro- 
duced into narrow tubes open at both ends, by first placing a 
suitable quantity of the powder in a gutter of stifi* glazed paper, 
pushing this gutter with its contents into the tube held hori- 
zontally, then inverting the tube and gutter, and, lastly, with- 
drawing the gutter while still inverted. The same method may 
sometimes be used with closed subliming tubes, so as to avoid 
Boiling their interiors, but is mmecessary when both substance 
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and tube are thoroughly dry. The tube, whether open or closed 
at one end, should be made of hard glass, and be heated in the 
flame of a spirit lamp or Bunsen burner. 

(22.) Although quantitative analysis does not come within the 
scope of this work, yet a few words on weighing and measuring 
may not form an inappropriate addition to the foregoing remarks 
on chemical manipulation. The general adoption of the French 
metrical system, of which the gramme is the imit of weight, 
and the cubic centimetre or bulk of a gramme of water at its 
greatest density the most usual unit of measure, would be found 
highly advantageous ; but in de&ult of this, the English decimal 
tystem, of which the standard grain is the unit of weight, and • 
the bulk of a grain of water, at 62° F., the unit of measure may 
be employed. In the chemical laboratory we dispense altogether 
with the use of oimces, drams, &c., and speak only of so many 
grains or grain-measures. Mr. Griffin takes the bulk of seven 
grains of water as his unit of measure, which he terms a septem, 
so that 1000 septems are equal to one decigallon, or to the bulk 
of a pound of water. The use of this decimal division of the 
gallon is often very convenient, and quite compatible with that of 
the grain-measure, the septem and grain-measure standing to 
one another in the simple relation of 7 to i, as shown in the 
following table. The figures with a dot over them are inexact. 



Gtillon 

Decigallon or pound . 



Quart . . 
Pint . . 
Fluid ounce 



Litre .... 
Cubic centimetre 



Cubic foot 
Cubic inch 



Decigallons 



Septems 



2-50 
1-25 
•0625 

2*204. 

• • • • • 

62-321 



10,000 
1,000 

2,500 
1,250 
62*5 

2,204*6 

2*2 

62,321 '066 
3606J 



Grain-measures 



70,000 
7,000 

17,500 
8,750 

437*5 

15,432-6 
15-4 

436,247424 
252*458 
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Fig. 28. 




One decigallon or pound-measure equals '4535 litre, or 453*5 

cubic centimetres, oro'Oi66 cubic foot, or 27727 cubic inches, or 

16 fluid oimces, or 1 28 fluid drams, or 1000 septems, or 7000 grains. 

Some measures are made to contain or deliver a definite quantity 

of liquid. Others are graduated so ^. 
that any indefinite quantity delivered 
may be afterwards read off. A 
flat-bottomed and somewhat nar- 
row-necked flask, having a horizon- 
tal scratch across its neck marking 
the height to which it should be 
filled, forms a very convenient mea- 
sure of the former kind (fig. 28). 
It is easy to select a couple of 
such flasks, which shall measure 
either a decigallon and half-de- 
cigallon respectively, or a pint and 
half-pint, &c., &c. A pipette of the form shown in 
fig. 29 is also a very useful instrument of this class. 
It is filled by carefully sucking up liquid to a level 
somewhat above the mark on its stem, and closing 
its upper orifice tightly by the finger. Then by re- 
laxing the pressure of the finger, the contained 
liquid is allowed to issue drop by drop until its 
height corresponds exactly with the scratch, when 
the finger is again pressed down ; afler which, on 
removing the finger, the measured qu.antity of liquid 
is allowed to flow out. A pipette of this kind is so 
constructed that when filled up to the mark on its stem 
it delivers exactly the indicated quantity of liquid, 
irrespective of what adheres to the interior of its elon- 
gated bulb. The last drop should be gently blown out 
while the point of the pipette is in contact with the 
inside of the receiving vessel. It is well to have a 
couple of such pipettes delivering either 100 septems and 
10 septems, or 1000 grains and 100 grains respectively. 
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For measuring indefinite quantities a tall narrow cylinder 
(fig. 30), graduated into divisions of 10 septems, or too grains 

each, is most convenient. The ordinary ounce 
Fig. 30. measures of the apothecary are very imsatis&ctory 

instruments. Their graduation is seldom accurate 
and always difiSicult to read ofi* exactly, on account 
of the expanded conical form of the glass. Where 
smaller quantities have to be delivered and their 
volumes aftierwards noticed, a Bink's burette or a 
graduated straight pipette may be employed. 
The burette (fig. 31a) should be held near its 
upper end, with its mouth guarded by the thumb 
or forefinger, and its beak pointed not directly 
but obliquely downwards, so that the side of the 
beak may be inclined to the horizontal plane 
at a somewhat acute angle. The orifice of the 
beak should be well greased with taUow or 
spermaceti ointment, and any liquid remaining 
in it.be sucked down, both at the beginning 
and end of the experiment. Moreover, the 
burette must always be allowed to stand at 
rest for a minute or two before observing the 
height of the contained liquid. The graduation 
should be firom above to below, as in the 
woodcut. 
The graduated pipette (fig. 31 ^) is filled by suction, the 
contained liquid adjusted to a proper height, the quantity 
required allowed to flow out, and the level of the remainder 
finally read off. Inasmuch as the conical extremity of this 
kind of pipette rarely delivers its contents exactly, it is better 
not to have it included in the graduation. Whether the 
graduation of the pipette is fi:om above to below, or fi-om 
below to above, does not much matter ; for some purposes the 
one, and for some purposes the other mode being most con- 
venient. 

In reading off the height of a liquid its upper sur&ce should 
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Fig. 31. 



a 



be brouglit as nearly as possible to a level with the eye. This 
Bur&ce in most liquids contained in glass vessels, will be found 
more or less deeply concave according 
to the diametric smallness of the column, 
&c. ; but, in all cases, the bottom of 
the curve is taken as the true level, 
and, in measuring definite quantities, 
must be made to coincide exactly with 
the mark. By rights all measurements 
should be taken at mean temperature, 
namely, 15*5° C. (60° F.), but the ex- 
pansions and contractions of aqueous 
liquids within the ordinary ranges of 
temperature are so slight that, in most 
cases, they may be safely disregarded. 

A pair of the best description of 
dispensing scales suspended from a fixed 
support makes a very useful balance for 
ordinary work. A set of accurate grain 
weights ranging fi:om 0*05, or o'l grain 
to 1000 grains should be provided, 
and also a supplementary short pan for 
taking specific gravities. The beam 
should turn fi:«ely by an addition of 
o' I grain, even when the pans are each 
loaded with a weight of twelve or fifteen 
bxmdred grains. It is well to employ 

habitually the lefl-hand pan for the substance, and the right- 
hand pan for the weights, which should be always handled 
by pincers, and not by the fingers. It is sometimes necessary 
to weigh out definite quantities of substance such as 20, 50, 
or 100 grains ; but it is better in most cases to take an in- 
definite quantity and then ascertain its weight, exactly as in 
weighing any particular specimen, the resultant of an ex- 
periment £)r instance. When taking the weight of an indefinite 
quantity, much time will be saved by trying the weights not at 
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random but in a definite order, always taking in succession the 
weight next above or below in the series that particular weight 
which was last found too little or too much. 

It is convenient to provide counterpoises of sheet lead for balan- 
cing exactly the several watch-glasses, capsules, crucibles, bottles, 
&c., used for retaining a substance while being weighed ; or their 
respective weights may be ascertained and scratched upon them. 
When a definite quantity of substance has to be transferred from 
the watch-glass or capsule on which it has been weighed into some 
other vessel, the frequently adhering residue may be washed off 
by a jet of water, or be gently brushed off by a cameFs-hair pencil. 
But where an indefinite quantity has been taken, it is better to 
reweigh the watch-glass or capsule and to subtract the weight of 
adhering residue from the original weight of substance. Or, what 
comes to the same thing, some portion of a known quantity may 
be transferred, and its weight ascertained by noticing the loss 
sustained by the original quantity. Substances to be accurately 
weighed must always be first brought to an uniform condition of 
dryness, inasmuch as a greater or- less degree of dryness may 
cause considerable variation in the weight of a body at different 
times. The substance may be dried in vacuo over oil of vitriol, 
or in a water-bath, and its weight determined from time to time 
until it becomes constant ; or, in some cases, the substance may 
be heated at once to dull redness and then weighed, not, however, 
until thoroughly cooled by resting the containing crucible on a 
piece of metal, for instance, as otherwise an ascending current 
of heated air will be set up, which will diminish its ap- 
parent weight appreciably. Hygrometric substances must be 
w^eighed in covered crucibles, or between a pair of ground 
watch-glasses held together by a clip, or in stoppered bottles 
made expressly for the purpose, or in short wide test tubes. 
They may be cooled under a glass jar standing over oil of 
vitriol. 

(23.) By specific gravity is understood the weight of a unit 
of volume, or, what comes to the same thing, the comparative 
weight of equal bulks of different bodies. In this country 
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water at the temperature of ij-;" C, (60° F.) is taken aa the 
Bta^tdard to which the specific gravities of liquids and solids are 
usually referred, and its sp. gr. considered either as 10 or 1000 
according to circumstances. 

la order to determine the specific grarity of a liquid, a small 
flask or bottle of knowa weight is selected, which, when 
accurately fiUed to a certain point, contains a known weight of 
pnro water at ij^s"- This flask is filled with the liquid whose 
sp. gr. is required, and weighed, when, after deducting the 
known weight of the flask, the residuary weight of contained 
liquid is compared with the known weight of the same bulk of 
water, according to the proportion : 

Wt. of water W : wt of liquid W :: ap. gt. of water : sp, gr. of liquid; 

that is, according to the equation, 

Sp. gp, of liquid = — ^^^. 

Thus, supposing the Hask to be what is called a five-hundred 
grain flask, but to contain in reality 499-7 grains of water, and 
say 459'8 grains of proof spirit, then the sp. gr. of the spirit 
wiHbeti2?22 = 92o. 



4997 



Fig. 3»- 
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^}e- 31- flask may be substituted. It is to be filled np to 
the mark on ite neck with the liquid, pTerionaly 
brought to the temperature of 1$'$° by immersioii 
in cooled or wormed water, and weighed. For 
taking the specific gravities of very volatile liquids 
this kind of fiaak is provided with a solid stopper. 
The most usual form of sp. gr. flask is shown in 
fig. Jib; when used, it is nearly filled with the 
liquid to be examined, a tube thermometer intro- 
duced, and the whole placed in a vessel of cooled 
or warmed water imtil the contained liquid has 
acquired a temperature of 1$'$°. The thermo- 
meter is then removed, and the flask filled to the 
brim with more of the liquid previously brotight 
to mean temperature, the perforated stopper 
inserted, whereby the excess of liquid is thrust 
out, and the exterior of the fiask thoroughly 
dried with a cloth, oare being taken to avoid any 
commualcation of heat from the hand or else- 
where. As a rule sp, gr. flasks should be made 
perfectly dry before being filled, and by preference 
be rinsed out with some of the liquid under exa- 
mination. 

The hydrometer (fig. 33) is uaeftil for taking the specific gravi- 
ties of difierent liquids, where rapidity rather than accuracy of 
determination is required. It is merely an upright float, weighted 
below, and having a narrow graduated stem above, so as t« sink 
to a greater or less extent in liquids of difierent densities. In- 
asmuch as the bulk of any liqidd displaced by a floating body- 
is equal iu weight to the floating body, it is obvious that equal 
weights of different liquids will differ in volume according to 
tiie depth to which the hydrometer sinks in them ; or, in other 
words, the heights to which different liquids rise on the stem 
will be inversely as their specific gravities. Some hydrometers, 
those used in tlie examination of urine, for instance, are so 
gradated that their degreee express the specific gravities 
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directlj. But in commerce variouB artificial scales are preferred, 
that of Twaddell ia particular being very generally used in this 
conntry. The degree of gravity marked oa Twaddell's scale 
has to be multiptieii by ;, and tke product added to tooo, to 
give the actual specific gravity. 

The most usual method of taking the specific gravity of a 
solid hoiy heavier thao water, consists in weighing it first in 
air, or theoretically in a vacuum, and ailerwards in pure water 
at IS"S°, when the ratio of the weight in air to the difference 
in the weighings will give the ep. gr., according to the propor- 

Dit in wgs. W--W : wt id sir IF : : ap, gr. of water : sp. gr. of solid ; 
that it, according to (he equation 



Sp. gr. of solid — - 



Fie- 34- 



For by a well-known principle in 
hydrorfaticH, the apparent loss of weight 
which a body experiences when im- 
mersed in a liquid is identical with the 
weight of on equal bulk of that liquid.* 
In order to weigh a solid body in water 
it must be attached by a horse-hair to 
the hook of the sp. gr. pan, as shoivn in 
fig. 34, and have its surface thoroughly 
wetted with a soft brush, so that, when 
immersed in the water, there shall be no 
adhering air bubbles. When the solid 
is soluble in water it must be immersed 

in alcohol, petroleum, or some other liquid of which the specific 
gravity has been previously ascertained, and the calculation 

■ Reljing on this principle, the specific gravities of different bqnids 
may be aBcertnined by immersing some solid of known weight in each of 
them, and comparing (be losses in weight which it eipericncee by the 
upward prasurcs of the diflerent tiquids, equal in each instance to the 
weight of the bulk of lignid displaced by it. 
B 2 
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made as before, substituting the sp. gr. of the liquid employed 
for the sp. gr. of water. 

When the solid is lighter than water it must, after its weight 
in air has been taken, be attached to some heavy body sufficient 
to sink it, a piece of lead, for instance, and the weight of the 
solid and piece of lead in water and of the piece of lead alone 
in water ascertained. The weight of the volume of water 
displaced by the light solid will equal the weight of the light solid 
in air W, plus th^ buoyancy it imparts to the immersed lead, 
which will be measured by the difference between die weight of 
the lead in water w, and the conjoint weight of the lead and 
light body in water v/^ Hence we have the proportion : 

Wt of water W+ w— v/ iwtof solid Wi: sp. gr. of water : sp. gr, of solid; 

or the equation : 

Wx I'OOO 



Sp. gr. of light solid = 



W+w—v/. 



When the substance to be examined is in the pulverulent state, 
its specific gravity may be ascertained by means of a sp. gr. 
flask. A quantity of the powder is introduced into the flask and 
weighed. It is then thoroughly wetted with water or some other 
liquid, of which a iurth^ quantity is aftierwards added, so as to 
fill up the flask to the mark on its neck, when the weighing is 
repeated. The difference between the weight of liquid which the 
flask ordinarily holds, and the weight of liquid added to fill up 
the flask afl^r the introduction of the dry powder, gives the weight 
of the bulk of liquid displaced by the powder, the ratio of which 
to the weight of the powder gives the specific gravity. 
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CHAPTER II. 

ANALYTICAL CHEMISTEY. 

(24.) The object of this part of the course is to make the student 
practically acquainted with the chemical properties of such 
bodies as are of the most importance, and of the most common 
occurrence. 

Of all chemical compounds, those known as salts will most 
frequently present themselves to his notice. 

Sulphate of iron and chloride of sodium may be taken as the 
types of simple salts. The sidphuric acid and chlorine are 
termed the electro-negative or acid constituents, or, more shortly,, 
the acids ; the iron and sodium the electro-positive or basic con- 
stituents, or, more shortly, the bases. 

In testing the substances distributed for examination, each of 
"Which shoidd contain but one basic and one acid constituent, the 
student may first of all confine himself to the bases ; subse- 
quently he must examine both for bases and acids. He will 
liave to pursue the following course of operations : — 

I. To examine the dry substance before the blowpipe. 
(Pars. 25 and 26.) 

II. To make a solution of the substance in water or acid. 
^Pars. 27 and 28.) 

ni. To ascertain to which group the base of his substance 
"belongs. (Pars. 29-32.) 

IV. To identify the particular member of the group with 
which he is dealing. (Tables I. II. and 111.^ 
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V. To realise the special reactions described under the head 
of his particular base. 

VI. To identify the acid constituent of his substance* (Tables 
IV. and V.) 

VII. To realise the special reactions described under iJie head 
o£ his particular acid. 

As regards V. and VII., the student must remember that the 
simple discovery of the base and acid of his salt is of much less 
importance than the thorough verification of all their described 
properties. 

§ I— BLOWPIPE EXAMINATION. 

(25.) A small shallow hole having been made on a piece of 
charcoal, the student should put into it a little of the substance 
under examination, a piece about the size of a mustard-seed, for 
instance, or as much powder as will rest on the point of a pen- 
knife. He must then heat the substance on its charcoal 
support before the blowpipe, and notice what effects, if any, 
are produced. It is often advisable to moisten a pulverulent 
substance with water before submitting it to the blowpipe flame, 
so as to make it cohere and remain on the charcoal. The sub- 
stance may also be heated with advantage in a subliming tube 
open at both ends, whereby corroborative, and sometimes even 
primary, evidence of its composition is obtainable, especially when 
it happens to be wholly or partly volatile. In this way ammoniacal 
and sulphurous acid gases may be recognised by their respective 
smells ; deposits of acid or alkaline water, by their reaction to 
test-paper ; and sublimates of sulphur, arsenic, mercury, and 
ammonium-salts, by their appearance and behaviour. 

The following are the most important general effects observ- 
able upon heating a substance on charcoal before the blowpipe. 

All hydrated salts give off their water of crystallisation, some 
with intumescence, as borax ; others with decrepitation, as 
gypsum. Many anhydrous salts also, chloride and chlorate of 



GENEBAL EFFECTS. 55 

sodium, for instance, decrepitate from the expulsion of water 
retained mechanically within their crystals. Most hydrated 
salts, when first heated, fuse in their water of crystallisation, 
and then solidify, whether or not susceptible of again fusing at a 
higher temperature, (vide par. 26). 

Most compounds of the heavy metals become darker when 
heated, either permanently through decomposition, or temporarily 
through some altered relation to light. Zinc compounds acquire 
a deep greenish yellow by the action of heat, and peroxide of 
tin a pale brownish yellow. 

Certain metallic compoimds, more especially those of silver, 
lead, and bismuth, are quickly brought to the metallic state when 
heated on charcoal in the reducing blowpipe flame, (vide par. 
26). 

Some substances, whether or not inflammable, leave a black 
carbonaceous residue, capable of being burnt away by prolonged 
ignition. This charring indicates the presence of organic matter, 
an organic acid or base, for instance, either flree or in com^ 
bination. 

Many bodies evolve a more or less marked smell when heated. 
Thus sulphur and many sulphides give off^ sulphurous anhydride. 
Tartaric and benzoic acids, and their respective salts, evolve 
characteristic empyreumatic odours. The fixed organic bases, 
and some salts of ammonia and organic bases, give ofl* ammoniacal 
-vapour ; while arsenic compoimds, when in contact with ignited 
charcoal, give rise to a peculiar garlic-like smell. 

Sometimes the heated substance volatilises wholly or in great 
measure, usually with evolution of visible fumes, (vide par. 
26). 

In a few cases the red-hot charcoal undergoes a rapid com- 
bustion where it comes in contact with the heated compound. 
This deflagration indicates the probable presence of a nitrate or 
chlorate. 

(26.) As regards their more special behaviour before the 
blowpipe, metallic compounds may be classified into those which 
are volatile (a), those which leave a white ^^rmaii^^ulL^ ^;v^i3^\.^ 
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residue (/3), those which leave a white infusible residue (y), 
those which are reducible to the metallic state (5), and those 
which give a coloration to the borax bead (c), as shown in the 
following scheme : — 

BlOWPIPB ExAlCmATION. 



a. 



Volatile 



Ammoniuk Isou- 
Mercuby j °^^ 

Arsenic I ^""^^^ 

> Sulphides 

Aotimont Teroxide 
OxAUC Acid 



^. Fusible 



SODItTM ) 

Potassium i ^*^*® 



Calcium 

Strontium 

Barixtm 



.Chlo- 
rides 



y. Infusible 



5. Reducible 



Zinc 

Aluminum 

Magnesium 

Calcium 
Strontium 
Barium ^ 

Stannic ) Anhy 
SnjCTC J drives 

Antdjont Tetra- 
oxide 



Silver 
Tin 

Lead 

Bismuth 

Antimont 

Cadmium 



QQ 



c. Colour borax bead. 



Chromium (ffreen)'\ 
Manqanbse {ante- 

thyst) 
Iron {hotOe green) 
Cobalt (violet) 
Nickel {reddish) 
Copper (bltie) 



a. The ordinary compounds of ammonium and mercury 
are readily volatile. Phosphate of ammonium, however, leaves 
a fused residue of phosphoric acid, which requires a strong 
heat for its dissipation. The oxides and sulphides of arsenic 
are also readily volatile, the teroxide of antimony somewhat 
less so. Oxalic acid melts and effervesces during its disappear- 
ance without furnishing any incrustation. The compounds of 
mercury, arsenic, and antimony, and many ammonium-salts, 
deposit incrustations or sublimates upon the cold part of the 
charcoal. Similar sublimates are procurable by heating the sub- 
stance in a sealed or open subliming tube. 

The various bodies which volatilise when heated on charcoal 
may often be satisfectorily identified by a few rough tests, such 
as the following : — 

Ammonium salts, when boiled with potash, evolve ammonia, 

recognisable by its odour and alkaline reaction. Mercury 

salts, save the black and red sulphide, are turned black by 

sulphide of ammonium. Mixed with a large excess of car- 

bonate of sodium, and heated in a reduction tube, they afford 
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a sublimate of mercurial globules. The oxides (white) and 
sulphides (orange or yellow) of arsenic dissolve in sulphide of 
ammonium to form a yellowish liquid, which on evaporation to 
dryness leaves a bright yellow residue. Mixed with soda-flux, 
and heated in a reduction tube, they furnish a sublimed crust 
of metallic arsenic. Teroxide of antimony dissolves in sul- 
phide of ammonium, and the liquid, when evaporated down, 
leaves a deep orange residue. It is, moreover, easily reducible 
before the blowpipe (§). Oxalic acid, when moistened with 
water, manifests a strongly acid reaction, and effervesces with 
alkaline carbonates. 

P, The ordinary salts of sodium and potassium fuse at 
a red heat, many of them into almost watery liquids, which are 
absorbed by the porous charcoal. During their ignition the salts 
of sodium impart a bright yellow, those of potassium a violet 
colouration, to the blowpipe flame. These colours are best seen 
by taking up a minute quantity of the salt upon the end of a 
platinum wire, and heating it at the point of the blowpipe flame. 
When a potassimn salt is contaminated with even a small pro- 
portion of any sodium salt, the violet colour of its flame is liable 
to be concealed by the strong yellow colour which the sodium 
salt produces. But the proper potassium colour may be readily 
seen by looking at the flame through a piece of smalt glass, 
which cuts off the yellow sodium rays. 

Unlike most salts of the alkaline earth-metals, the chlorides of 

calcium, strontium, and barium are fusible in the blowpipe 

flame. That of calcium fuses very readily, but the other two 

chlorides are much less readily fusible than the majority of 

sodium and potassium salts. When strongly ignited on fine 

platinum wire, chloride of barium imparts to the blowpipe 

flame a marked apple green, chloride of strontium a deep crimson, 

and chloride of calcium an orange-red colour. The platinum 

wire used for testing by the blowpipe flame should be moderately 

thin, to allow of its being strongly heated. It may be held 

directly in the fingers, platinum being a bad conductor of heat. 

Should the end to be used impart any coloiix tic> t\v^ ^^xs^fe^fesos. 
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contamination either with soda, derived from the i;er8piration of 
the fingers, or with the residues of former experiments, it must 
be alternately dipped in hydrochloric acid, and strongly heated 
in the blowpipe flame until aU colouration ceases to appear* 

The chlorides of the alkaline earth metals, and most salts of 
the alkali metals, fuse into colourless transparent liquids, 
whereby they are distinguished from the fusible compounds of 
the heavy metals, which yield coloured or opaque beads. More- 
over, the temporary melting of hydrated salts in their water of 
crystallisation must not be confounded with the permanent fusion 
at a red heat which characterises the above-mentioned classes of 
salts. 

y. Compounds of zinc, aluminum, and magnesium, 
with nearly all calcium, strontium, and barium 
salts, whether or not imdergoing a preliminary aqueous ftision, 
leave afler strong ignition a white, infusible residue; while the 
stannic, silicic, and antimonic oxides are from the 
first infusible. During strong ignition the aluminum residue 
manifests an intense white incandescence, the zinc residue a deep 
greenish yellow, and the stannic and antimonic oxides a pale 
brownish yellow colour. In any case the white or yellowish- 
white infusible residue may be moistened with solution of nitrate 
of cobalt, and again strongly heated, whereby characteristic 
colourations are produced with compounds of zinc, aluminum, 
and magnesium, and less definite colourations with the remainder. 
The zinc residue acquires a fine green, the aluminum residue 
a bright blue, and the magnesium residue a very faint pink 
colour. When the residue is pulverulent, it may be moistened 
with sidphuric acid and re-ignited before being heated with 
nitrate of cobalt, more especially in order to bring out the 
magnesian colour. It must be borne in mind that nitrate [of 
cobalt also imparts a blue colour to many fused phosphates, 
borates, and silicates, which, however, cannot be confoimded with 
the blue given to an infusible aluminum residue. 

The other infusible residues receive a less distinct colour by 
Ignition with, nitrate of cobalt, those of calcium and strontium 
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becoming grey, that of barium reddish grey, those of the stamiic 
and silicic anhydrides bluish grey, and that of antimony greenish 
grey ; but these bodies may be further distinguished by other 
means, calcium, strontium, and barium by their tinting the blow- 
pipe flame, antimony and tin by their reducibility, the former 
with, and the latter without, any incrustation (5), and silica by 
its behaviour with fused carbonate of sodium. In order to test 
an infusible compound for calcium, strontium, or barium, 
a small quantity, taken up on the end of a fine platinum wire, 
should be moistened with hydrochloric acid, and ignited for 
some time in the hottest part of the blowpipe flame, when the 
characteristic colour due to the volatilisation of each metal will 
be clearly brought out, save indeed with their respective 
sulphates. Silica may be identified by making a small loop at 
the end of a platinum wire, and fusing upon it a minute quantity 
of carbonate of sodium, which will thus form a white bead, 
transparent when hot, opaque when cold; in which fused 
bead, silica, when strongly heated, will dissolve with effer- 
vescence, and, if in sufficient quantity, render it permanently 
transparent. 

a. Compounds of silver, tin, le^d, bismuth, antimony, 
and cadmium, oflen assume the metallic state, or produce 
characteristic incrustations, when merely heated on charcoal in 
the reducing blowpipe flame ; but their behaviour when heated 
"With a flux of carbonate of sodium, with or without cyanide 
of potassium, is more satisfactory. Carbonate of sodium alone 
'will answer the purpose, but the addition thereto of one-fourth 
of its weight of cyanide of potassium oflen assists the reduc- 
tion very greatly, and is not in any case disadvantageous, save 
'when the specimen itself deflagrates upon charcoal from the pre- 
sence of a nitrate or chlorate, in which case a slight explosion 
sometimes results fi*om the reaction of the cyanide and oxi- 
salt. 

The specimen having been intimately mixed with five or 
six times its bulk of flux, a small portion of the resulting 
powder, sometimes moistened with water so aa to cohare^ i& 
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heated strongly on charcoal. The mixed mass should fuse readily 
before the blowpipe, so that any minute globules of reduced 
metal may run together. If not readily fusible, a fresh mixture 
may be taken with a larger proportion of flux. When the reduced 
metal volatilises at the temperature employed, its vapour becomes 
oxidised outside the flame, and is deposited upon the charcoal 
as a more or less abundant white or coloured incrustation. 
Silver gives no incrustation, and tin scarcely any ; lead gives a 
yeUow, and bismuth a brownish-yellow, incrustation ; while 
antimony gives an abundant easily volatile bluish-white, and 
cadmium a comparatively fixed brown-red incrustation. Metallic 
antimony vaporises rapidly ; while cadmium is so volatile that its 
reduction and vaporisation are simultaneous, so that no globule, 
but only an incrustation, is producible with it. Zinc compounds, 
heated with reducing flux, behave in this respect like cadmium, 
furnishing no globule of metal, but only an incrustation, which is 
yeUow when hot, white when cold ; but zinc wiU have been 
previously detected by its reaction with nitrate of cobalt (y). 
Reduced arsenic and mercury are s<| volatile that they can only 
be obtained in the form of sublimates by performing the reduc- 
tion in tubes as already described (a). 

The different metals usually identified by their reduction on 
charcoal, exhibit the following characters: — Silver yields a 
bead of white, moderately hard and malleable metal, with no 
incrustation. Tin, which is less easily reducible, yields a bead 
of white malleable metal, sofi;er than silver, with very slight, if 
any, incrustation. Lead yields a bead of sofi; bluish-white 
metal, with yellow incrustation; bismuth, a bead of brittle 
yellowish-white metal, with brownish-yellow incrustation; 
antimony, a bead of brittle bluish- white metal, with an 
abundant bluish- white incrustation ; and cadmium, no metallic 
bead, but only a reddish-brown incrustation. 

In addition, copper, iron, nickel, and cobalt are reducible, though 
they do not afford incrustations, and are not obtainable in the form 
of beads. But on crushing the fused mass in a mortar, and wash- 
ing away the lighter portions, copper may often be recognised in 
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the form of red spangles, and iron, nickel, and cobalt as heavy 
powders affected by the magnet. 

c. Compounds of the metals which tinge the borax bead 
usually leave dark-coloured infusible residues when heated alone 
on charcoal. In testing by the borax bead, a piece of platinum 
wire is bent into a single or double loop, as shown of the actual 
size in fig. 35, the loop dipped into powdered 
borax, and the adhering borax heated to red- 
ness, when it first imdergoes a highly cha- 
racteristic intumescence, and afterwards, when 
more strongly heated, sinks into a colourless 
transparent bead. To this bead is then at- 
tached a minute quantity of the substance 
imder examination, and the whole strongly 
heated in the blowpipe fiame, when in some 
cases the fused bead dissolves the speci- 
men, and thereby acquires a more or less defi- 
nite colour, the depth of which may be in- 
creased by adding more of the specimen and 
again heating strongly. 

The metals iron and copper, which form 
two classes of salts, also form beads of two 
colours. Thus in the oxidising flame we 
Lave a blue cupric and a yellow-brown ferric bead, while 
in the reducing flame we have a cuprous bead of an almost 
colourless or opaque reddish aspect, and a ferrous bead of a sea- 
green colour. The chromium bead has an emerald green, 
and the cob alt bead a sapphire blue colour. Manganese, 
when free from iron, imparts an amethystine tint, and nickel 
a deep sherry hue, which becomes amethystine when the bead 
is heated with a fragment of nitre. The borax may be replaced 
by microcosmic salt, or even by ordinary glass. In these 
several reagents we have afler ignition an excess of melted 
boric, phosphoric, or silicic anhydride, which at the temperature 
of the blowpipe flame combines with the various metallic oxides 
to form coloured fbsible salts. 
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§ IL-^OLUTION AND PEECIPITATION. 

(27.) Having made his examination in the dry way, by means 
of the blowpipe, the student must next bring his substance, by 
some means or other, into a state of solution, so that he may 
submit it to the action of liquid reagents. As a general rule, 
the substance to be dissolved should be in a finely divided state. 
This is particularly necessary in the case of bodies which are 
with difficulty soluble, such as many native oxides, sulphides, 
&c. Any substance having a decided colour, a hard structure, 
and an opaque aspect, whether earthy or lustrous, ought always 
to be pulverised very finely before being treated with solvents. 
The' solution of the body under examination should be effected 
by preference in water ; but, if insoluble in water, it may be 
acted upon with hydrochloric acid, or with nitro-muriatic acid, 
or with nitric acid. 

A small portion of the powdered sibstance is to be placed 
in a test-tube, a moderate quantity of water* added, the 
whole agitated, and heated over a spirit or gas- flame. While 
heating, the tube should receive an occasional jerk, to fecilitate 
mixture and avoid the sudden escape of vapour. If the sub- 
stance, by this treatment, is obviously dissolved, the clear solu- 
tion, filtered if necessary firom any insoluble portions, can be 
submitted at once to the action of reagents. If the substance, 
however, is not obviously dissolved, a few drops of the liquid 
may be filtered on to a glass slip and gently evaporated to dry- 
ness. Should any definite amount of residue remain upon the 
glass, the whole mixture must be thrown upon a filter, and the 
tests applied to the clear filtrate. There are many substances 
which, unless taken in very small quantity, do not disappear 
perceptibly when boiled in water, but yet are sufficiently soluble 
to afford an aqueous solution that can be successiully tested. 
Should a mere trace of residue, or none at all, be left upon the 

♦ By water is always meant pure op distilled water. However, dean 
ram water may often be employed as a substitutfi. 
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glass slip, as much of the water as possible is to be poured 
away from the insoluble substance, and replaced little by 
little with hydrochloric acid, warming between each 
addition. Should any obvious action occur, more hydrochloric 
acid may be added, if necessary, and the whole heated for some 
time until an available solution is formed. Should there be no 
obvious action, nitric acid must be added in the proportion 
of about one-fourth of the hydrochloric acid previously used, 
and heat again applied. By one or other of these means a solu- 
tion will generally be effected. There are, indeed, a few sub- 
stances which dissolve in nitric, but neither in hydrochloric 
nor nitro-hydrochloric acid. There are also some substances 
which are quite insoluble in apy ordinary menstruum ; the 
consideration of these, however, is deferred for the present. 
The solution of the substance, whether in water or acid, to which 
no reagent has been added, is called in the tables and elsewhere 
the original solution.' The freshly-made acid solution should 
generally be diluted somewhat freely with water, and filtered if 
necessary. The acidity, neutrality, or alkalinity of the aqueous 
eolation should be ascertained by means of test-paper. 

(28.) Different reagents are next to be added to the original 
solution in the order and manner described in paragraphs 30, 
-^i, and 33, and in the Tables I. II. III. and V. These 
i-eagents produce in the solution certain effects, which are cha-. 
xacteristic of the various substances dissolved. The effect 
most usually produced by a liquid reagent is to cause a precipi^ 
tate or solid deposit of some insoluble compound of the substance 
sought for. Hence the formation or non- formation of a par-^ 
ticular precipitate usuaUy proves the presence or absence of a 
particular base or acid in the solution under examination. 
Precipitates differ much in their colour, consistency, rapidity 
of formation, and solubility in different liquids, whence the 
student must make himself familiar with their various aspects 
and habitudes. As regards aspect, he must notice whether a 
precipitate is dense, crystalline, clotty, gelatinous, opaque, trans- 
parent, coloured oy colourless, &c. As i^^^T^'a* ViJwvX.xA'^^ V^ 
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wiU find that crystalline precipitates, unless thrown down from 
concentrated solutions, do not usually appear at once, but only 
after some little time. Their immediate formation, however, 
may be often determined by rubbing the liquid against the 
inside of the containing vessel with a glass rod. Again, many 
{)recipitate8 are characterised by their solubility in an excess of 
the precipitant, or in some other reagent. 

Eeagents and solvents should always be added gradually^ 
except when special direction is given to the contrary. This 
rule is of great importance, and applies equally to the formation 
and solution of precipitates; in the latter case, the mixture 
should be agitated between each addition of the solvent. Many 
characteristic effects are occasionally overlooked through a 
neglect of this rule. The student must also bear in mind, when 
directed to employ an excess of any particular reagent or solvent, 
that every minute quantity more than sufficient to produce the 
desired effect is an excess. 

In the tables, the word dissolved placed at the head of a 
column signifies either that the substances written under it- 
have not been precipitated at all, or that, having been precipi- 
tated, they are now redissolved by an excess of the reagent, in— 
any case that they remain in solution. 



§ m.— EXAMINATION FOR BASIC GROUPS. 

(29.) The bases are divided into three principal groups, at 
follows ; — 
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n. 


III. 
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Babtum 
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Manoanese 
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The firsfc object of the student must be to ascertain the group to 
which the base of the salt under his examination belongs. 

The members of the first group are precipitated from their acid 
solutions by hydrosulphuric acid. The members of the second 
group are not precipitated from their acid solutions by hydro- 
sulphuric acid, but are precipitated fi:om their neutral solutions 
by sulphide of ammonium. The members of the third group are 
precipitated neither by hydrosulphuric acid nor by sulphide of 
ammonium. 

Having ascertained to which particular group the base of his 
salt belongs, he will proceed according to the directions of the 
table pertaining to that group, in order to identify the indi- 
vidual member thereof with which he is dealing. Should, 
therefore, hydrosulphuric acid produce a precipitate, in an acidi- 
fied solution, the student will proceed according to Table I. 
Shotdd it produce no obvious precipitate, he will render the 
solution nearly neutral by ammonia, and then add sulphide of 
unmonium. Should this reagent produce a precipitate he will 
proceed according to Table 11. Should no precipitate be pro- 
iuced by either of the above reagents, he will proceed according 
bo Table IE. 

Group I. 

(30.) To recognise the presence of some member of this group 
by means of sulphuretted hydrogen or hydrosulphuric acid, the 
solution to be tested should be moderately acid. In solutions 
"which are too acid, sulphuretted hydrogen may not give any 
precipitate, despite the presence of a member of the group ; and 
in solutions which are neutral or alkaline, it may give a pre- 
cipitate even in the absence of every member of the group, in- 
asmuch as sulphuretted hydrogen precipitates some members of 
the second group from their neutral or alkaline solutions. 

Aqueous Solutions. These must consequently be acidulated 
before being treated with sulphuretted hydrogen. A few drops 
of either nitric or hydrochloric acid will anawet tiift ijfvsLrga^ifc^XsviSu 

P 
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the use of the latter acid is generally preferable. The addition. 
of hydrochloric acid, however, sometimes produces a permanent 
white precipitate, in which case the presence of silver, or lead, .. 
or mercury is indicated. Solutions of silver invariably yield 
precipitate with hydrochloric acid, solutions of lead and mercury 
only ujider certain conditions. But in the event of hydrochlori 
acid producing a precipitate, it will suffice for the student 
distinguish between the above three metals, without followin 
out the directions of the general table for the group (page 71). 

The Silver precipitate is soluble in excess of ammonia. 

The Mercury precipitate is turned black by excess of ammonia—— 

The Lead precipitate is unaffected by ammonia, but is solubl^^ 
in boiHng water ; and, on cooling, is deposited therefrom 
crystalline needles. 

These three precipitates are blackened by sulphuretted hydro 
gen, and are not produced by nitric acid, properties distinguishinj 

them from all other precipitates which hydrochloric acid oc 

casionally produces. 

The acidification of a solution of tartar -emetic, with eitherr^ 
hjrdrochloric or nitric acid, is attended with the production of 
white turbidity which, however, disappears on gently warming 
the liquid with a little more acid. Moreover, the acidification, 
by either hydrochloric or nitric acid, of various alkaline solutions, 
not unfrequently gives rise to whitish precipitates, which some- 
times disappear in excess of acid, and, at other times, remain- 
Among those which are permanent, the principal are sulphur, 
from the decomposition of an alkaline persulphide ; silica, frona 
the decomposition of an alkaline silicate; and boric acid from 
the decomposition of an alkaline borate ; but this last precipitate 
is readily soluble in boiling water. 

Solutions in Acid. When the solution of the original sub- 
stance has been made in an acid, it is important to get rid of any 
great excess of acid ; or, at any rate, to reduce its activity. 

a. By mere dilution with water. It is generally ad- 
visable to dilute somewhat considerably solutions which have 
been made hy means of an acid. 
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jS. By evaporation. The solution may be evaporated 
down to a small bulk, and then be diluted with water. This 
process is especially necessary when the solution has been made 
with nitro-muriatic acid. 

y. By neutralisation with ammonia. When a large 
quantity of acid has been employed to effect the solution of a 
substance, it is occasionally useful to neutralise some of the excess 
of acid with ammonia. 

The acid solution of the substance, whether or not evaporated 
down, or partly neutralised, should, after dilution with water, 
be perfectly bright. If not bright, it must be rendered so by 
filtration. 

The addition of water to an acid solution sometimes produces 
an obvious white precipitate, in which case the dilution should be 
very slight or be dispensed with altogether. The formation of a 
white precipitate on the addition of water indicates the presence 
of Antimony or Bismuth. The precipitate produced in solutions 
of the former metal is dissolved by tartaric acid and turned of an 
orange colour by sulphuretted hydrogen ; while that produced in 
solutions of the latter metal is not dissolved by tartaric acid, and 
is turned black by sulphuretted hydrogen. Water does not 
invariably cause a precipitate in solutions containing antimony 
or bismuth, but in the event of a precipitate being produced, it 
will suffice to distinguish between the above two metals with- 
out proceeding according to the general table for the group 
(page 71). 

The acidified solution of the substance in water, or the diluted 
solution of the substance in acid, is to be treated with sulphuret- 
ted hydrogen. It may be sufiicient to add sulphuretted hydrogen 
water to the solution, but it is always preferable to use a current 
of the gas itself. The production of a coloured precipitate is 
indicative of the presence of some member of the first group ; in 
which case, the gas should be passed into the liquid until it smells 
permanently even after agitation. A little water should next be 
added, and the whole well shaken or stirred, to promote the 
subsequent subsidence of the precipitate, 'wlcuck, 0.11 ^^\JC\a% '^'^ 

P 2 
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tube aside for a few minutes, will soon collect at the bottom. 
The supernatant liquid may then be poured off, and the pre- 
cipitate treated according to the directions of Table I. 

Sulphuretted hydrogen, when added to certain solutions, not 
containing any member of the first group, sometimes produces a 
more or less considerable yellowish-white turbidity, due to a 
liberation of finely divided sulphur, effected by some per-oxidated 
or per-chlorinetted compound, thus : HS + CI = HCl + S. In 
yellow solutions, this white turbidity often appears decidedly 
yellow, firom the colour of the liquid through which it is Been, 
When, simultaneously with the liberation of sulphur, a brownish- 
yellow solution becomes paler or colourless, the presence of 
a per-salt of iron may be generally inferred; but when it 
becomes of a marked green colour, the presence of chromic acid 
is indicated. 

'Group II. 

(31.) The members of this group are precipitated by sulphide 
or sulphydrate of ammonium, but are not precipitated from their 
acidified solutions by sulphuretted liydrogen. Inasmuch as 
sulphide of ammonium also precipitates most of the metals of 
the first group, their absence must be ascertained by die non- 
production of a precipitate with sulphuretted hydrogen, before 
the reaction with sulphide of ammonium can be depended on as 
a general test for members of the second group. 

The solution to be tested with sulphide of ammtonium should 
be nearly neutral, but it may be slightly alkaline, or slightly 
acid without disadvantage. It must not, however, be decidedly 
acid, for if so, there may not only be no precipitate produced 
when some member of the group is present, but, owing to a 
customary impurity in the reagent, there may even be a preci- 
pitate produced when every member of the group is absent. 
This last occurrence is consequent upon a deposition of suljdiur 
fix)m the mutual decomposition of the acid solution and the 
reagent, quite irrespective of the presence of any metal. Pure 
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colourless sulphide or sulphydrate of ammonium, indeed, is not 
precipitated by mere acid solutions ; but the yellow persulphide 
of ammonium, into which it beeomes gradually converted, is 
decomposed by all acid liquids with precipitation of sulphur, 
thus : HCl + NH4S2 = NH4CI + HS + S. The aqueous solu- 
tion of a salt may be examined for members of the second 
group, by adding sulphide of ammonium at once ; but a solution 
of the salt in acid must be rendered neutral, or nearly neutral, 
with ammonia before applying the test. The addition of even 
an excess of ammonia to the acid liquid is no disadvantage. It 
will sometimes, mdeed, produce a precipitate, but the formation 
of a precipitate by ammonia, equally with the formation of a 
precipitate by sulphide of anmionium, indicates the presence of 
a member of the second group ; though the non-production of a 
precipitate by ammonia does not prove the absence of all 
members of the group. The precipitate produced by ammonia 
generally differs in its character, and frequently in its appear- 
ance, from that produced by sulphide of ammonium, but the 
formation of a precipitate by ammonia will not interfere with 
the action of the more characteristic reagent for the group. 

The acidulous solution of the substance which, has been tested 
with sulphuretted hydrogen, but which has not yielded any 
precipitate therewith, may be examined for members of the 
second group by treatment with ammonia. In. this case, one 
portion of the ammonia neutralises the excess of acid, while 
another portion combines with the sulphuretted hydrogen to 
form sulphide or sulphydrate of ammonium, which serves to 
precipitate any member of the group, thus :. HS -f- NH3 = NH4S. 

Group III., 

(32.) This group includes the bases which are not precipitated 
either by sulphuretted hydrogen, or by sulphide of anmionium. 
A solution of the salt in water or acid may be at once examined, 
according to the directions of Table III. Or the solution, which 
has been successively treated witK sulph:ui^\X^ Yc^^q^ti «sA 
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sulphide of ammonium without the production of a precipitate, 
may be tested for any of the metals of this group, except 
' potassium, sodium, and ammonium. If the original substance 
required an acid to effect its solution, its base cannot be any one 
of the last three, inasmuch as all simple salts of potassium, 
sodium, and ammonium are soluble in hot water. 

There are certain salts of barium, strontium, calcium, and 
magnesium which do not dissolve in water, but which are 
readily soluble in dilute mineral acids — nitric or hydrochloric, 
for instance — without, at the same time, undergoing any obvious 
decomposition. Hence, when such an acid solution is neutralised 
by ammonia, or by sulphide of ammonium, the salts are repre- 
cipitated in their original condition ; so that, although the 
alkaline earths strictly belong to the third group, they are 
occasionally precipitated along with the proper members of the 
second. These salts are principally the fluoride of calcium 
— the oxalates of calcium, strontium, and barium — 
and the phosphates of magnesium, calcium, strontium, 
and barium. In Table II. they are referred to under the 
general term of earthy salts ; and the mode of distinguishing 
them from one another is described in par. 102. 
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Table I. 

(33.) Examination of a solution containing some one member of 
the first group ; namely, Tin, Arsenic, Antimony, Bismuth, 
Silver, Mercury, Lead, Copper, or Cadmium; all of which 
bodies are precipitated from their acid solutions by Hydrosul- 
phuric Acid gas (a), or its solution in water. 

/5. Treat the moderately acid solution of the substance with excess of 
sulphuretted hydrogen, agitate well, and allow the precipitate to subside. 
Then pour off the supernatant liquor, replace it by a solution of Sulphide 
of Ammonium, and warm the whole gently. 



If the precipitated sTilphide be of 

Tin (protosalt), brown 
Tin (persalt\ yellow 
Arsenic, yellow 
Antimony, orange 

it will dissolve entirely. 

On adding Hydrochloric Acid to 
the solution thus formed, the sul- 
phides of the metals will be repre- 
cipitated. 



Tin, always yellow 
Arsenic, yellow 
Antimony, orange. 



7, Allow the precipitate to sub- 
side, pour off the supernatant liquor, 
wash the precipitate by decantation, 
agitate it with Sesqui-carbonate of 
Ammonium, and warm gently. Or 
the original precipitate, produced 
by sulphuretted hydrogen, may be 
washed with water, and treated 
with the Sesqui-carbonate. 



/" 



Dissolved 
Absenic. 



Undissolved 

Tin 
Antimony. 



^ 



7s 



If the precipitated STilphide be of 

Bismuth 

Silver 

Mercury [• black or dark brown. 

Lead 

Copper / 

Cadmium, yellow, 
it will remain undissolved. 



S. The members of this section 
may generally be distinguished from 
one another by adding Potash to a 
portion of the original solution : in 
any case a precipitate will be pro- 
duced, characterised as follows: — 

Lead, white, soluble in excess of the 
reagent, unaffected by ammonia. 

Mercury (protosalt)^ black, un- 
affected by ammonia. 

Mercury {persalt), yellow, turned 
white by ammonia. 

Bismuth, white, unaffected by am- 
monia. 

Copper, blue 



Cadmium, white 
Silver, brown 

Insoluble in excess of potash. 



soluble in 
monia. 



am- 
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(34.) a. Hydrosulphuric acid, or sulphuretted hydroge^n^ 
reacts with the salts belonging to this group to form metallic 
sulphides, as shown by the following typical equations, in whicL 
M stands for an atom of metal. 

MCI + HS = HCl + MS. 

In this manner the protosalts of tin, mercury, lead, silver, 
copper, and cadmium are decomposed. 

MCI2 + 2HS = 2HCI + MS2. 

In this manner the persalts of tin are decomposed. 

MCI3 + 3HS = 3HCI + MS3. 

In this manner solutions of arsenic, antimony, and bismuth 
are decomposed. 

The sulphides so produced differ much from one another as 
regards their solubility in mineral acids. They are all com- 
pletely dissolved by nitro-muriatic acid; except that of 
silver, which is converted into the insoluble chloride ; and that 
of lead, which is converted partly into chloride, partly into 
sulphate, owing to an oxidation of its sulphur. 

Hot nitric acid dissolves the sulphides of arsenic, bismuth, 
silver, copper, and cadmium, but has no appreciable action on 
the sulphides of mercury. It converts the sulphides of tin and 
antimony into their insoluble oxides or anhydrides, Sn02 and 
Sb04 respectively. When slightly diluted it dissolves sulphide 
of lead completely, but otherwise it converts a portion thereof 
into insoluble sulphate of lead. The action of nitric acid upon 
the sulphides is generally attended with a separation of sulphur, 
which, on boiling, gradually assmnes the form of melted 
globules. 

Strong hydrochloric acid at a boiling temperature has no 

action on the sulphides of arsenic and mercury. It converts the 

sulphides of silver and lead into their insoluble or sparingly 

soluble chlorides, and dissolves the remaining sulphides of the 

group with, greater or less facility. 
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(35.) p. The disulphide of tin, and the trisulphides of arsenic 
and antimony, unite with the sulphides of alkali-metal to form 
soluble sulphur-salts corresponding to the well-known oxygen 
salts, thus : — 



Potaasiam ozi-^ts 
KSnOj or KO.SnO, 
KA.8O4 or KO.ASO3 



KSbO^ or KO.SbOa 



Ammonimn snlpho-salta 



NH^SnSj or NH^aSnSj 
NH^AsS^ or NH4S.ASS3 
NH^SbS^ or NH^S.SbSj 

Hence these sulphides are distinguished from the remainder 
by their solubility in sulphide of ammonium.* Protosulphide 
of tin is not soluble in pure colourless sulphide or sulphydrate 
of ammonium, but it is soluble in the ordinary yellow solution 
of the persulphide, whereby it becomes converted into the above- 
described compound of disulphide of tin, thus : — 

SnS + NH^Sa = NH^SnSs or NH4S.SnS2. 

On the addition of hydrochloric acid to any of these sulpho- 
salts, they are decomposed with reprecipitation of their respective 
sulphides, thus : — 

NH^S-SuSa + HCl = HS + SnSa + NH4CI 
NH4S.ASS3 + HCl = HS + ASS3 + NH4CI. 

It is advisable not to dissolve the sulphides of this sub-section 
in an unnecessarily large quantity of yellow sulphide of am- 
monium, lest the subsequent addition of hydrochloric acid 
should separate so great a quantity of whitish sulphur as to 
conceal the colour of the reprecipitated sulphides. 

y. Trisulphide of arsenic dissolves readily in solution of 
sesquicarbonate of ammonium, forming a mixture of sulph- 
arsenite and ox-arsenite of ammonium; but the sulphides of 
antimony and tin are scarcely affected by the reagent. These 
may generally be distinguished from one another by the differ- 
ence in their colour. Or the precipitated and washed sulphide 
may be dissolved in boiling concentrated hydrochloric acid, and 

♦ Stdphide of copper is quite insoluble in the sulphides of sodium and 
potassium; but is slightly soluble in sulphide of ammonium, especially 
when it contains, as it usually does, some free ammoi^. 
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the solution evaporated down to a small bulk, whereby a chloride 
of either tin or antimony is produced. The former chloride does 
not have its transparency affected by dilution, neither does the 
diluted liquid yield any deposit upon a surface of metallic 
tin : and again, an acid solution of chloride of tin, in which a 
small fragment of zinc has been dissolved, gives with corrosive 
sublimate a white precipitate of calomel, gradually becoming 
grey from its conversion into metallic mercury, (vide par, 37). 

The latter chloride is generally rendered opaque by dilution, 
and again becomes clear on the addition of tartaric acid; 
while the diluted liquid yields an abundant black deposit of 
pulverulent antimony upon a surface of metallic tin. Moreover, 
chloride of antimony reacts satisfactorily when examined by 
Marsh's or Reinsch's process. 

Solid compounds of arsenic are most readily recognised by 
the reduction test, (vide par* 38). 

(36.) ^. Potash reacts with the salts belonging to the second 
section of this group, to precipitate the hydrated oxides of the 
respective metals, thus : — 

MCI + KHO2 = KCl + MHO2 or MO.HO. 

In this manner, the hydrates of mercury, lead, silver, copper, and 
cadmium are produced. 

MCI3 + sKHOa = 3KCI + MHO4 or MO3.HO + H2O2. 

In this manner the hydrate of bismuth is produced. Hydrate of 
lead is soluble in excess of potash ; the hydrates of silver, copper, 
and cadmium are soluble in excess of ammonia ; while those of 
bismuth and mercury are insoluble in either reagent. Inde- 
pendently of their behaviour with sulphuretted hydrogen and 
caustic alkalis, the metals of this sub-section of the first group 
are characterised by the following reactions. 

Bismuth solutions, unless too acid, when they must first be 
evaporated down, yield an opaque white precipitate on the 
addition of water, due to the formation of some insoluble basic 
s^t, thus: — 
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BiCl3 + H2O2 = 2HCI + BiOjCl 

Bi(N06)3 + H2O2 = 2HNO6 + BiOa.N06 or BiO^.NOs. 

These basic salts of bismuth are insoluble in tartaric acid, and 
are blackened by sulphuretted hydrogen or sulphide of am- 
monium. 

Mercury solutions yield with protoehloride of tin a white 
precipitate becoming grey spontaneously, or more rapidly on the 
application of heat. The white precipitate is calomel, which is 
formed from mercurous salts by double decomposition, thus : — 

SnCl 4- Hg2N06 = HgaCl + SnNOe or SnO.NOs. 

But it is formed from mercuric salts by reduction, thus : — 

SnCl + 2HgCl = HgaCl + SnCl^. 

The grey deposit consists of finely divided metaUio mercury, 
produced by an abstraction of chlorine from the calomel first 
precipitated : — 

SnCl + Hg^Cl = Hg2 + SnCl2. 

This grey deposit, when boiled with hydrochloric acid, acquires 
the characteristic appearance of globules of mercury. 

Lead solutions yield with sulphuric acid, or soluble sulphates, 
a white precipitate of sulphate of lead, insoluble in cold nitric or 
hydrochloric acid j — 

PbNOe + HSO4 = HNO^ + PbS04 or PbO.SOa. 

The precipitate is distinguished from the similar precipitate 
produced with barium and strontium- salts, by its solubility in 
excess of potash, by its solubility in boilir^g hydrochloric acid, 
and by its becoming blackened by sulphuretted hydrogen or 
sulphide of ammonium. 

Silver solutions yield with hydrochloric acid or soluble 
chlorides a white clotty precipitate of chloride of silver:— 

AgN06 + HCl = HN06 -V ^^^11. 



76 EXAMINATION FOR BASES OF GROUP I. 

The precipitate is soluble in ammonia, but insoluble in the 
strongest nitric acid, even when boiling. It is turned of a slate- 
purple colour by exposure to light. 

Copper solutions, even when very dilute, give with ferro- 
cyanide of potassium a chocolate-red precipitate of ferrocyanide 
of copper, or of ferrocyanide of copper and potassium, thus: — 

2CUSO4 + KaFeCya = 2KSO4 + CujFeCya 
or CUSO4 + K^FeCya =r KSO4 -f CuKFeCya, 

The precipitate is turned of a pale blue colour by potash, and is 
then readily soluble in ammonia, forming a deep purple coloured 
liquid, by which properties it is distinguished fix)m th«^ similarly 
coloured ferrocyanide of uranium. 

Cadmium solutions are specially recognised by the bright 
yellow colour and insolubility in sulphide of ammonium, of the 
precipitated sulphide of cadmium CdS, produced by sulphuretted 
hydrogen or sulphide of ammonium. Of all the sulphides of the 
first group of metals, sulphide of cadmiimi is the one most readily 
soluble in acids. Cadmium-salts, moreover, are readily identified 
by their behaviour before the blowpipe* 

(37.) Tin. 

Tin salts are of two kinds, stannotffl or protosalts, represented 
by protochloride of tin SnCl,^ and stannic or persalts, represented 
by perchloride of tin SnCla, 

a. When compounds of tin are heated upon charcoal with a 
mixture of carbonate of sodium and cyanide of potassium, a 
globule of white malleable metal is produced with very slight, if 
any, incrustation. If this globide be hammered out, and dis- 
solved in hydrochloric acid, the tests for stannous salts can be 
applied to the solution so formed. 

STANNOUS SALTS. 

a. Hydrosulphuric acid produces a brown precipitate ©f proto- 

sulphide of tin SnS, which dissolves in yeUow sulphide of 

ammonium with, conversion into persulphide of tin SnSz, so that 
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on adding an acid to the solution, a yellow and not a brown 
precipitate is separated. The protosulphide of tin first thrown 
down is converted by boiling nitric acid into a white insoluble 
powder consisting of stannic anhydride SnOa. 

P, Solution of corrosive sublimate, added careftdly to stannous 
solutions, produces a white precipitate of calomel HgaCl, which 
speedily becomes grey, and finally black, firom its reduction to 
the state of metallic mercury. 

STANNIC SALTS. 

a. Hydrosulphuric acid produces a yellow precipitate of 
disulphide of tin SnSa, which is insoluble in ihe carbonate, but 
soluble in the hydrate and sulphide of ammonium, and repre- 
cipitable therefrom on the addition of an acid. It is likewise 
soluble in boiling hydrochloric acid, more readily on the addition 
of a little nitric acid also, and is converted by concentrated 
nitric acid into a white insoluble powder of stannic an- 
hydride SnOa. 

(38.) Arsenic. 

Arsenious acid is convertible into arsenic acid by boiling it 
with concentrated nitric acid, to which a little hydrochloric acid 
may be added with advantage. But in order to apply the various 
tests successfully, the acid liquid must be evaporated to dryness, 
and the residue dissolved in water. Arsenic acid is readily 
convertible into arsenious acid by the passage of sulphurous 
acid gas through its solution, or by heating it with sulphite of 
sodium and dilute hydrochloric acid. 

a. Hydrosulphuric acid produces, in acidulated solutions of 
arsenious acid, or of arsenic acid after the addition of sulphurous 
acid, a yellow precipitate of trisulphide of arsenic ASS3, which 
is soluble. in carbonate, hydrate, and sulphide of ammonium, and 
reprecipitated on the addition of an acid. It is insoluble in 
boiling hydrochloric acid, but is readily dissolved by hot nitric 
or nitro-hydrochloric acid. 
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/3. Nitrate of silver produces in neutral or slightly ammo- 
niacal solutions of arsenious acid a yellow precipitate of arsenite 
of silver Ag3As06, and from similar solutions of arsenic acid a 
brick-dust red precipitate of arseniate of silver Ag3As08. Both 
precipitates are soluble in excess of either ammonia or nitric 
acid. 

y. Sulphate of copper produces, in neutral or very faintly 
ammoniacal solutions of arsenious acid a grass -green precipitate 
of arsfenite of copper CU3AJ3O6, and in similar solutions of arsenic 
acid a pale blue precipitate of arseniate of copper CU3ASO8. 
Both precipitates are soluble in excess of either ammonia or nitric 
or hydrochloric acid. 

Z, When a compound of arsenic is mixed with soda-flux, 
and heated in a subliming tube, a steel-grey ring of reduced 
metal condenses in the upper or cool part of the tube. 

. (39.) Antimony. 

a. Hydrosulphuric acid produces an orange-coloured precipi- 
tate of trisulphide of antimony SbS3, which is insoluble in 
carbonate, but soluble in hydrate and sulphide of ammonium, 
and reprecipitable on the addition of an acid. It is also dissolved 
by hydrochloric acid with the aid of heat, and is converted 
almost entirely by strong nitric acid into a white insoluble 
powder, consisting of tetroxide of antimony SbO^. 

/3. Water, added to certain antimony solutions (not to all), 
produces a white precipitate of a basic salt of antimony, soluble 
in excess of tartaric, hydrochloric, or nitric acid. 

y. Antimony compoimds, when fused with carbonate of 

sodium on charcoal in the reducing flame, yield a bead of brittle 

metal with an abundant bluish-white incrustation. If the heat 

be prolonged, the metal volatilises entirely with the production 

of white fumes of teroxide of antimony Sb03. 
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(40.) Bismuth. 

a. Hfjdrosulphunc acid produces a brownish-black precipi- 
tate of trisiilphide of bismuth BiS3, which is insoluble in sulphide 
of ammonium. It dissolves readily in hot nitro-muriatic, nitric, 
or hydrochloric acid. 

j9. Caustic alkalies give a white precipitate of hydrate of 
bismuth BiH04, insoluble in excess of either potash or ammonia. 

y. Water, when added to moderately-concentrated and not 
over-acid solutions of bismuth, causes a dense white precipitate 
of a basic bismuth salt, which does not disappear on the ad- 
dition of tartaric acid, but dissolves in excess of nitric or 
hydrochloric acid. 

^. Bismuth compounds, when mixed with carbonate of 
sodium, and heated upon charcoal in the reducing blowpipe 
flame, yield a brittle metallic globule and a yellow incrustation. 

(4.1.) Mercury. 

There are two classes of mercury salts, namely, the mercurous, 
represented by calomel HgaCl, and the mercuric, represented by 
corrosive sublimate HgCl. Certain reactions are common to 
both, while others are distinctive between them. 

a. An excess of h^drosidphuric acid produces a black pre- 
cipitate of mercurous sulphide Hg2S, or of mercuric sulphide 
HgS, which is insoluble in sulphide of ammonium, and also in 
strong hot nitric and hydrochloric acids taken separately, but is 
readily soluble in a mixture of the two. An insufficiency of 
hydrosulphuric acid produces in mercuric salts a highly charac- 
teristic white precipitate of doubtful composition, which, as the 
proportion of gas increases, becomes orange, brown, and finally 
black. 

p. Frotochloride of tin produces at first a white precipitate of 
calomel HgaCl, which becomes in succession grey and almost 
black on adding more of the reagent and warming ^<^^^^^ • ^ 
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the supernatant liquor be poured off, and the deposit boiled with 
hydrochloric acid, globules of metallic mercmy make their 
appearance. 

y. Mercury compounds mixed with carbonate of sodium, and 
heated in a reduction-tube, furnish a sublimate of well-defined 
mercurial globules. 

MERCUROUS SALTS. 

a. Potash and ammonia alike produce a black precipitate, the 
former of mercurous hydrate Hg2H02, the latter of chloride of 
dimercuros-ammonium NH2(Hg2)2Cl. 

/3. Hydrochloric acid produces a white precipitate of calomel 
HgzCl, which dissolves in boiling nitric acid. It is turned black 
by ammonia, being converted into the chloride of dimercuros- 
ammonium NH2Hhg2Cl. 

MERCURIC SALTS. 

a. Potash gives a yellow precipitate of mercuric hydrate 
HgH02, which is tum^ white on the addition of ammonia, or 
in presence of an ammoniacal salt. Ammxmia produces a white 
precipitate of chloride of dimercuric-ammonium NH2Hg2Cl. 

/J. Iodide of potassium, added carefully, produces a bright 
orange-red precipitate of mercuric iodide Hgl, which dissolves 
in excess of the reagent, forming a colourless solution. 

(42.) Lead. 

a. Hydrosulphuric acid produces a black (occasionally red) 
precipitate of sulphide of lead PbS, which is insoluble in sul- 
phide of ammonium, but dissolves when heated with not too 
concentrated nitric or hydrochloric acid. Strong nitric acid 
converts it into a white insoluble deposit of sulphate of 
lead PbS04. 

/J. Caustic alkalies give a white precipitate of hydrate of lead 
PbHOi, soluble in excess of potash. 
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y. In moderately strong solutions, hydrochloric acid gives a 
wliite crystalline precipitate of chloride of lead PbCl, which is 
soluble in boiling water, unaffected by ammonia, and soluble in 
great excess of potash. 

5. Dilute sulphuric add or a dissolved sulphate gives a dense 
white precipitate of sulphate of lead PbS04, which is insoluble 
in dilute acids, soluble in strong hydrochloric acid with the aid of 
heat, and also in a large excess of potash. 

€. Lead compounds, when fused with carbonate of sodium and 
charcoal in the reducing blowpipe flame, yield a globule of soft 
metal and a brownish yellow incrustation. 

(43.) Silver. 

a. Hydrosulphuric acid gives a black precipitate of sulphide 
of silver AgS, insoluble in sulphide of ammonium, soluble in 
warm nitric acid, and converted by ebullition with hydrocliloric 
acid into a white deposit of chloride of silver AgCl. 

j3. Caustic alkalies give a brown precipitate of hydrate of 
silver AgHOz, which is insoluble in excess of potash, but soluble 
in ammonia, forming a colourless solution. 

y. Hydrochloric acid gives in solutions of silver salts a white 
precipitate of chloride of silver AgCl, which is insoluble even 
in boiling nitric acid, but readily soluble in ammonia. The 
colour of the precipitate changes to a slate-purple by exposure 
to light. 

Z, Silver compounds, when fused with carbonate of sodium 
upon a charcoal support in the reducing blowpipe flame, yield a 
button of hard white malleable metal, without any incrustation 
being formed on the charcoal. 

(44.) Copper. 

a. Hydrosulphuric acid produces a dark-brown precipitate of 
sulphide of copper CuS, which ia insoluble m «v3X"^Yii^<i <5kl 

a 
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potassium, and but sparingly soluble in sulphide of ammonium. 
It dissolves readilj in nitric but not in hydrochloric acid, save by 
an application of heat. 

/J. Potash gives ' a pale blue precipitate of hydrate of copper 
CUHO2, which is insoluble in excess, and converted by ebullition 
into black oxide of copper CuO. Ammonia gives a similar blue 
precipitate of hydrate of copper CuHOa, which is soluble in 
excess of the reagent, forming a deep blue solution, the trans- 
parency of which is not affected by the addition of a moderate 
quantity of potash. The pale-blue precipitate produced by 
carbonate of ammonium is also readily soluble in excess of the 
reagent, with production of a deep blue liquid. 

y. Ferroeyanide of potassium giv.es a chocolate-coloured preci- 
pitate of ferroeyanide of copper Cu2FeCy3, which is decomposed 
by caustic potash, and is then fireely soluble in ammonia, form- 
ing a deep blue liquid. 

^. A piece of clean iron or steel dipped into an aciduliated 
copper solution becomes coated with metallic copper, which may 
be dissolved off by the conjoint action of ammonia and air into a 
deep blue liquid. 

€. The borax bead heated with a particle of any copper-com- 
pound becomes blue or green in the oxidising, and nearly 
colourless or reddish-grey in the reducing, flame. 

(45.) Cadmium. 

a» The precipitate of sulphide of cadmium CdS, produced by 
hydrosulphuric acid, is of a bright yellow colour and insoluble 
in sulphide of ammonium. It disappears readily on the addition 
of nitric or hydrochloric acid, and does not form in very acid 
solutions. 

/3. Caustic alkalies give a white precipitate of hydrate of 
cadmiimi CdH02, soluble in excess of ammonia, but not in that 
of potash. The precipitate produced by carbonate of amnwnium 
does not disappear in excess of the reagent. 

y. Cadmium compounds, fused wit\i caiboiiaX.^ oi ^dvam in 
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^e reducing blowpipe £ame, give a reddish-brown incrustation 
of oside of eadmium CdO, but no bead of metaL. 



§ Y:— EXAMINATION FOR BASES OF GROUP U. 

Table IL 

(46.) Examination of a solution containing some one member 
of the second group of bases ; namely, Nickel, Cobalt, Manga- 
nese, Iron, Chromium, Alumintm, or Zing ; all of which bodies 
are precipitated by Sulphide of Ammonium (a), from their 
nevitral, or nearly neutral, solutions. 

fi. Add gradually a considerable excess of aqueous Potash to a portion of 
the originiS solution. In any case a precipitate will be formed, which may 
either remain or be redissolTed.. 



/^ 



UndUsolved 



NiCKXL, pale green. 

Cobalt, pale blue, 

Manganbsb, white, becoming brown. 

Ibon, olive-green, black, or red. 

Eabtht SAI.TS, white. 

7. Add a few drops of Nitric 
Acid to a fresh portion of the 
origiiial solution, and boil for a 
minute or two. After cooling, add 
at once an excess of Ammonia. 



/^ 



Precipitated 

Ibon, red. 
Eabthy Salts, 
white. 



Dissolved 



■N 



NiCKBL, blue. 
Cobalt, brownish 

pink. 
Manoanbsb, co^ 

lourless, speedily 

becoming bvown 

and turbid.. 



^ 



Dissolved 

Chbomb, green. 
Alumintjm, white*. 
Zinc, white. 



8. Boil tiie potash solution for- 
som£ time.. 



r 

Precipitated 

Chaome. 



^ 



Dissolved 

Alumintjm. 
Zinc. 

To the potash solution 



€. Add 
a few drops 
of Sulphide 
of Ammo- 



mum. 



Precipitated 

Zentc. 



\ 



C Add 
excess of 
Chloride of 
Ammonium. 



Precipitated 
Aluminum. 



\ 



G 2 
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(47.) a. Sulphide of ammonium reacts with salts pertaining 
to this group, to form precipitates of various characters and 
aspects. The precipitate is white in solutions of zinc, aluminum, 
and the earthy salts ; black in solutions of iron, nickel, and 
cobalt ; greenish in solutions of chrome ; and buff-coloured in 
those of manganese. The student must not, however, attach 
too much importance to the colour of a precipitate, as it is a 
quality very liable to be interfered with by accidental circum- 
stances. For instance, the presence of a trace of iron, occurring 
as an impurity, may effect a great alteration in the characteristic 
appearance of precipitates due to chrome, manganese, zinc, 
aluminum, or earthy salts, respectively, by imparting to them 
a black, grey, or greenish colour. From its transparency, the 
precipitate produced in aluminous solutions is very liable to be 
overlooked. 

The salts of nickel, cobalt, manganese, iron and zinc are pre- 
cipitated by sulphide of ammonium, in the form of sulphides, 
according to the^eneral equation, 

MCI + NH4S = NH4CI rf- MS. 

From their neutral solutions these metals are precipitated very 
imperfectly by sulphuretted hydrogen, in consequence of the 
formation during the reaction of hydrochloric or some other acid, 
in which the respective sulphides are soluble, thus : — 

MCI + HS = HCl + MS. 

But the stfiphides of nickd, cobalt, and zinc may be precipitated 
completely from solutions which are acid only with acetic ^cid, 
and in which, owing to the addition of an alkaline acetate, no 
stronger acid than the acetic can be set free during the reaction ; 
though even then sulphide of iron can be but partially pre- 
cipitated, and sulphide of manganese not at all. 

Although the sulphides of nickel and cobalt are not precipi- 
tated in the presence of hydrochloric acid, yet, when once pro- 
duced, they can only be dissolved in the acid with considerable 
dJfficultj; but they are readily soluble in nitric acid. The 
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sulphides of zinc, iron, and manganese, however, are easilj 
dissolved by cold hydrochloric acid, and that of manganese by 
acetic acid. 

The stdphides of alimiinnm and chromium cannot be formed in 
the mtoist way. Hence the salts of these metals are precipitated 
by sulphide of ammonium in the form> not of sulphides, but of 
hydrated sesquioxides, with liberation of sulphuretted hydrogen^ 
thus: — 

AI2CI3 + 3NH4S + 6H0 == 3NH4CI + 3HS + AI2H3O6. 

The earthy salts are precipitated as such by a mere neutralisation 
of the acid in which they were dissolved, thus' (vide page 32) :— 

Ca3P08.2HCl + 2NH4S = CaaPOe + 2NH4CI + HA- 

(43.) jS. From protosalts of nickel, cobalt, manganese, iron, 
and zinc, potash throws down the respective prothydrates, pre- 
cisely as it does the prothydrates of t^e metals of the first 
group : — 

MCI + KHO2 = KCl + MHO2, or MO.HO. 

From the sesquisalts of iron, chromium, and aluminum, it pre- 
cipitates the respective sesquihydrates, ihus : — 

MzQa + 3KHO2 == 3KCI + M2H3O6, or M2O3.3HO: 

The earthy salts are precipitated as such by the neutralisation 
of the acid in which they were dissolved. 

The appearance of the manganese precipitate is very charac- 
teristic. From being quite white it becomes rapidly brown by 
an absorption of atmospheric oxygen. The precipitate given by 
potash with perfectly pure protosalts of iron is greenish-white, 
but the precipitate ordinarily obtained has a dark olive-green 
colour, becoming ochrey-red by exposure to air : with mixed 
proto- and sesqui-salts, a black precipitate, and with pure sesqui- 
salts a red-brown precipitate is produced. The hydrates of 
chromium, aluminum, and zinc are completely soluble in excess 
of potash, while the other precipitates are insoluble. Should the 
excess of potash effect an obvious Bolutiou oi \k^ Y^^cs^^XaXft. ^ 
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first thrown down, but the liquid at the same time not become 
perfectly bright, it may be filtered off from the oxide of iron, or 
other insoluble impurity^ and tested for 'chromium, «luminxim, 
and zinc (^). 

(49.) y. Ammonia throws down fi-om solutions o^ nickel, 
cobalt, manganese, iron, and earthy salts, precipitates 
which have respectively the same composition as those thrown 
down by potash. The precipitates produced in solutions of the 
earthy salts and in sesquisalts of iron are <equally insoluble in 
excess of ammonia as in excess of potash ; but the prothydrates 
of nickel, cobalt, and manganese are readily soluble, and that of 
iron sparingly soluble, in excess of ammonia, especially when 
chloride, of ammonium or some other neutral ammoniacal salt is 
also present. Hence when the previous experiment with potash 
has shown the probable presence of a protosalt of iron, it is 
necessary, before adding ammonia, to boil the solution with a 
little nitric acid for a few minutes, so as to convert the protosalt 
into a sesquisalt, whereby all the iron may be precipitated as a 
red-brown sesquihydrate, quite insoluble in excess of ammonia. 

But when the colour of the precipitate produced by potash, or 
some other reaction, has indicated the absence of a protosalt of 
iron, the boiling with nitric acid may b^ dispensed with. The 
presence of a protosalt of iron in the ori^nal solution is best 
shown by the addition of ferridcyanide of potassium^ which pro- 
duces therewith an abundant dark blue precipitate of ferrid- 
cyanide of iron or Tumbull's blue :— 

3FeCl + KaFczCye = 3KCI + FeaFejCye. 

The presence of a sesquisalt of iron is best shown by «mZ- 
phocyanate of potassium, which produces therewith a blood-red 
liquid, due to the formation of sesqui-sulphocyanate of iron : — 

Fe^Cla 4- Z^Cy^i = 3KCI + Fe2(CyS2)3. 

The mode of examining the earthy salts is described in 
par. 102. 
When excess of ammonia is added to a solution of nickel, 



SOLUTION IN AHHONU. 87 

cobalt, or manganese, containing either some free acid, or a 
neutral salt of ammonium, the precipitate at first produced is im^- 
mediately redissolved. 

The ammoniacal solution of nickel has a deep purple-blue 
colour, closely resembling that of the similarly constituted 
solution of copper. Potash added to the ammoniacal nickel 
solution throws down an apple-green precipitate of hydrate of 
nickel ; but a very large quantity of potash may be added to the 
ammoniacal copper solution without disturbing its transparency, 
and the precipitate finally produced is for the most part blue. 
Moreover, ferrocyanide of potassium produces with ordinary 
salts of nickel a pale green, and with ordinary salts of copper a 
chocolate-red, precipitate of the respective ferrocyanides ; and the 
two metals are otherwise well characterised. 

The ammoniacal solution of cobalt has a brownish-pink 
Colour, which gradually becomes darker by exposure to air, imtil 
eventually a brownish precipitate of hydrated sesquioxide of 
cobalt is produced. But the cobalt solution, when made with 
a.nimonia containing carbonate of ammonium, or even with car- 
bonate of ammonium itself, has a fine pink colour, which is tole* 
i'ably permanent. Cobalt compoimds are best recognised by 
fusion with the borax bead, to which they impart a deep purple- 
\)hie colour. 

The ammoniacal solution of manganese is at first colourless, 
l3ut by exposure to air it speedily becomes brown and opaque, 
irom the conversion of the white soluble prothydrate into the 
"brown insoluble sesquihydrate. Manganese compounds are very 
frequently contaminated with iron ; hence, when excess of am- 
monia produces a brown precipitate, it is often worth while to 
pour the mixture on to a filter, and to test the ammoniacal 
filtrate with sulphide of ammonium ; whereby manganese, if pre- 
sent, is precipitated as a flesh-coloured sulphide. Manganese is 
best recognised before the blowpipe by fusing some carbonate of 
sodium, to which a little nitre may be added, upon platinum foil, 
and then introducing a minute portion of the manganese com- 
pound, whereby a bright green fusible mass of manganate of 
sodium NaMnO^, is produced. 
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(50.) 5. The potash solution of chromium is of a green colour, 
and when boiled lor a longer or shorter time, according to the 
relative proportions of potash and chrome present, deposits the 
whole of its chrome in the form of a green precipitate. Chrome 
compoimds are best recognised by the emerald green colour they 
impart to the borax bead; and by the bright yellow mass of 
chromate of alkali metal which they yield when ignited on 
platinum foil, with carbonate of sodium and nitre, before the 
blowpipe. 

€. The potash solution of zinc, when containing a considerable 
excess of potash, is not affected even by prolonged ebullition ; 
but when containing only a slight excess, it soon deposits an 
opaque white precipitate. On adding a few drops of sulphide of 
ammonium to potash solution of zinc, sulphide of zinc is formed, 
which being, imlike the hydrate of zinc, insoluble in potash, is 
thrown down as a white precipitate, frequently having a greyish 
tinge from the accidental presence of a trace of lead in the potash 
used as the reagent. 

Zinc compounds when strongly heated leave a fixed infusible 
residue, which when cold is quite white, but when hot has a deep 
greenish-yellow tint. Moistened with nitrate of cobalt solution 
and reignited it acquires a pure permanent chrome-green colour. 

i*. The potash solution of alumina is unaffected by boiling, 
and also by the addition of a few drops of sulphide of ammoniimi, 
imless indeed the potash contains an appreciable quantity of lead, 
when a black precipitate of sulphide of lead is formed. 

Ammonia or carbonate of ammonium gives a similar white 
precipitate with zincous and aluminous salts, but the precipitate 
produced with the former is freely soluble, while that produced 
with the latter is insoluble in excess of the reagent. Hence the 
addition of chloride of ammonium to potash solution of zinc 
produces no precipitate ; but when added in sufficient quantity to 
potash solution of alumina, it throws down a white gelatinous 
precipitate of hydrate of aluminum, owing to a substitution of 
^ee ammonia for free potash, thus : — 
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NH4a + KHO2 = KCl + NH4HO2, or NH3 + H2O2. 

Compounds of aluminuin, when strongly heated in the blowpipe 
flame, leave a white, invisible, highly incandescent residue, which, 
when moistened with solution of nitrate of cobalt, and reignited, 
assumes a £ne, permanent, blue colour. 

(51.) Nickel, 

Solutions of nickel are generally of a green colour. 

a. Sulphide of ammonium gives with nickel salts a black pre- 
cipitate of sulphide of nickel NiS, not soluble in hydrochloric 
acid until after the addition of a drop or two of nitric acid. 

ft. Ammonia gives a slight greenish precipitate of hydrate of 
iiickel NiHOa, soluble in excess of the reagent^ forming a violet- 
blue liquid, from which potash reprecipitates the green hydrate. 
^Moreover, potash throws down this hydrate readily from all ordi- 
Xiary nickel solutions. 

y. In the reducing flame, nickel renders the borax bead pur- 
J)li8h-grey and turbid, and in the oxidising flame of a dark sherry 
C5olour with a tinge of violet. If a fragment of nitre be added, 
^nd the bead again heated in the oxidising flame, a weU-marked 
I)urple colour ia produced. 

(52.) Cobalt. 

Cobalt solutions are pink when dilute, blue when concen- 
trated. 

a. Sulphide of ammonium gives with cobalt salts a black 
precipitate of sulphide of cobalt CoS, not soluble in hydro- 
chloric acid imtil after the addition of a few drops of nitric 
acid. 

ft. Potash gives a blue precipitate of prothydrate of cobalt 
C0HO2, insoluble in excess of the precipitant. Excess of ammonia^ 
especially in presence of cMoride of aixmiomvnxi^ Y^^^^y^'?^ -^ 
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brownish-pink solution, becoming brown and opaque on exposure 
to air, from the deposition of the insoluble sesquihydrate. 

y. Oobalt compounds impart to the borax bead, when heated 
in either flame of the blowpipe, a deep sapphire-blue colour* 

(53.) Manganese. 

Manganese solutions are of a faint pink tinge, or altogether 
colourless. 

a. Sulphide of ammonium gives a buff-coloured precijatate of 
sulphide of manganese MnS, soluble even in acetic acid. 

/5. Potash gives a white precipitate of prothjdrate of manga- 
nese MnH02, speedily becoming brown on exposure, from its 
conversion into the sesquihydrate Mn2H306, or Mn2H04. If to 
the solution of a manganous salt containing chloride of ammo- 
nium an excess of ammonia be added at once, a clear colourless 
solution will be produced, quickly becoming brown and opaque 
when exposed to the air, from a conversion of the soluble proto- 
into the insoluble sesqui- compound, 

y. The borax bead with manganese is amethyst-red in the oxi- 
dising, and nearly colomrless in the reducing, flame. Its appear- 
ance is much interfered with by the presence of a trace of iron. 

3. Compounds of manganese, fused upon platinum foil with 
carbonate of sodium in the oxidising flame of the blowpipe, 
either with or without the addition of a little nitre, yield a bluish- 
green fusible mass of manganate of sodium NaMn04. For this 
experiment but a very small quantity of the manganese compoimd 
should be employed. 

(54.) Iron. 

There are two classes of iron salts, namely, ferrous or proto- 

salts, represented by green vitriol FeS04, and ferric or persalts, 

represented by sesquichloride of iron Fe^Cljj or FfeCl3. The 
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protosalta are rarely ever free firom some adsuxture with per- 
salts. 

a. Sulphide of ammonium gives a black precipitate of proto- 
sulphide of iron FeS, readily soluble in hydrochloric acid. The 
precipitate, when thrown down from ferric salts, is 4uxx)mpanied 
by free sulphur. 

/5. Iron <x)mpoimds dissolve in the borax bead, forming a glass 
which is of a bottle-green <5olour in the reducing, and of a 
yellowish-brown colour in the oxidising, flame. Ferrous com- 
pounds give the green, and ferric compoimds the yellow, colour 
most readily. 

fSRROUS SALTS. 

Ferrous tiolutions are generally colourless, or of a pale green 
tint. 

a. Caustic alkalies give a dingy green precipitate of ferrous 
liydrate F^HOa, which becomes red on exposure to air. The 
3)ure, nearly white prothydrate is sparingly soluble in excess of 
ammonia and chloride of ammonium. 

/3. Ferrocyanide of potassium gives a pale blue precipitate of 
double ferrocyanide of iron and potassium K2Fe4Cy6, which 
becomes dark blue on exposure to air. 

y. Ferridoyanide of potassium gives a dark-blue precipitate of 
ferridcyanide of iron FcsCye, or Fe3Ffe'"Cy6, insoluble in dilute 
acids and decomposible by caustic alkalies. 

FERRIC SALTS. 

Ferric solutions are generally of a yellow, brown, or red 
colour. 

a. Caustic and carbonated alkalies alike give a brick-dust 
red precipitate of ferric hydrate Fe2H306, accompanied in the 
case of the carbonates by an evolutioii oi caxV^om^ ^^\^. '^>c^^ 
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precipitate is quite insolnble in the hydrates of potassium and 
ammonium, and also in their respective carbonates, at a boiling 
heat. 

/3. Ferrocyanide of potassium gives a deep blue-coloured 
precipitate of sesquiferrocyanide of iron Fe7Cy9, or Ffe2Fe3Cy9, 
insoluble in dilute acids, and decomposible by caustic alkalies. 
The ferridcyanide does not produce any precipitate, but gives to 
the ferric solution a colour which is brown or red according to 
circumstances. 

y, Sulphoeyanate of potassium imparts to ferric solutions a 
deep red colour, from the formation of ferric sulphoeyanate 
Fe2Cy3S6, or FfeCCySi)^. 

(55.) Zinc. 

Zinc solutions are usually colourless. 

a. Sulphide of ammonium gives a white precipitate of sulphide 
of zinc ZnS, which is insoluble in acetic, but readily soluble in 
hydrochloric, acid. Unlike most zinc precipitates,, it is insoluble 
in any alkaline solution. 

/3. Caustic alkalies give with solutions of zinc a white pre- 
cipitate of hydrate of zinc ZnH02, soluble in a large excess of 
the precipitant. Alkaline carbonates also give a white precipi- 
tate of a highly basic carbonate of zinc, insoluble in excess of the 
iixed alkaline carbonates, but soluble in presence of ammoniacal 
salts. 

y. Zinc salts, heated on platinimi foil, leave a fixed infusible 
residue, which is yellow when hot, white when cold. After 
being moistened with solution of nitrate of cobalt, and reignited 
in the blowpipe flame, it assumes a fine green colour. 

3. Zinc salts, mixed with carbonate of sodium or cyanide flux, 
and heated in the reducing blowpipe fliame, deposit upon the 
charcoal an incrustation which is yellow when hot, white when 
coJd, and green after ignition with nitrate of cobalt. 
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($6.) Chromium. 

Solutions of chromic salts are mostly of a green or violet 
colour. 

a. Caustic alkalies^ their sulphides or siUphi/drateSy and car- 
bonates throw down from chrome solutions a greenish precipi- 
tate of hydrate of chrome Cr2H306, which is slightly soluble in 
excess of aiomonia, more so in excess of potash, and in each 
instance reprecipitable on boiling. Its production hj sulphides 
and carbonates respectively is accompanied by au evolution of 
sulphydric or carbonic acid. 

/3. Chrome imparts to the borax bead a fine green colour, 
permanent in both flames of the Howpipe. 

y. When a ^rome compound is fused on platinum foil with 
a little carbonate of sodium and nitre, a yellow mass of chromate 
cf sodium NaCr204, is produced, which dissolves in water to 
ibrm a solution, giving with acetate of lead a yellow precipitate 
©f chromate of lead PbCr204. 

(57.) Aluminum. 

a. Caustic alkalies, their carbonates and sulphides or sulphy- 
drateSj give with aluminous solutions a white gelatinous precipi- 
tate of hydrate of aluminum AI2H3O6, which is soluble in excess 
of potash, but reprecipitated on the addition of chloride of 
ammonium. The action of the carbonates and sidphides respec- 
tively is accompanied by an evolution of carbonic or hydro- 
sulphuric acid. 

/3. Salts of alumimmi, when heated on charcoal or platinum 
foil, leave a white, infusible, highly incandescent residue, which, 
when moistened with nitrate of cobalt solution and reignited in 
the blowpipe flame, assumes a bright blue colour. 



94 



EXAMINATION FOB BASES OF GBOUP III. 



§ VI.— EXAMINATION FOR BASES OF GROUP HI. 

Table III. 

(5S.) Examinafcion of a solution containing some OBe m^nber 
of the third group of bases ; namely, Barium, Strontium, Cal- 
cium, Magnesium, Potassium, Sodium, or Ammonium. The sul- 
phides or sulphydrates of these metals being soluble in water, 
the solutions of their salts are not precipitated either by sulphu- 
retted hydrogen, or by sulphide or sulphydrate of ammonium. 



a. Add Chloride and Carbonate of Ammonium to the original solution, and 

warm gently. 



^recifitated 


Dissolved 


Babium 

Stbontium 

Calcium. 


l^AONBSnJM 

Potassium 

Sodium 

Ammonium. 


3. Add Sulphate of Potassium to 
the original solution. 


y. Add Phoi^hate of Ammomnm 
to the above solutibn already con- 
taining the ammoniacal salts^ and 
stir. 


'Pred'pitaie^L 


Dissolved 


Precipitated 


Dissolved 


Barium (quickly) 
Strontium {slowly). 


Calcium. 


Magnesium. 


Potassium 

Sodium 

Ammonittm. 


Add Hydrofluosilicic 
Acid to the original 
solution. 






8. Add to the original 
solution Tartaric Acid 
in excess, and stir. 


Precipitated 


>> 
Dissolved 






Precipitated 


Dissolved 


Barium. 


Strontium. 






Potassium. 


Sodium. 








Ammonium? 



(59.) a. Carbonate of ammonium produces in solutions con- 
taining barium, strontium, or calcium, a white precipitate^ 
the carbonates of these three metals being insoluble : — 

PaCl + JVH4CO3 = NH4CI -V CaCOa, ot CaO.COi. 
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When carbonate of ammonium is added to an acid solution of 
the compound under examination, care must be taken to add a 
quantity more than sufficient to neutralise the acid, or, in other 
words, enough to render the solution alkaline. Inasmuch as the 
carbonic gas evolved on adding carbonate of ammonium to an 
acid liquid retains the carbonates of the alkaline earth metal «> 
in solution, it must be expelled by gentle warming. Carbonate 
of magnesium also is insoluble in water, though readily 
soluble in solutions containing chloride of ammonium, or other 
ammoniacal salt. Hence the necessity of adding chloride as 
well as carbonate of ammonium to the aqueous solution of the 
substance under examination, in order to prevent a precipitate 
of carbonate of magnesium being formed, and confounded with 
one of the other precipitable carbonates. But when the sub- 
stance has been dissolved in an acid, the carbonate of ammonium 
expended in neutralising the acid forms a sufficient quantity of 
neutral ammoniacal salt to prevent the precipitation of carbonate 
of magnesium; and consequently the separate addition of 
chloride of ammonium is rendered unnecessary. The addition 
of chloride of ammonium may also be dispensed with, when the 
carbonate is added to a portion of the solution with which a 
negative result has been obtained by successive treatment with 
sulphuretted hydrogen and sulphide of ammonium. Carbonate 
of ammonium also precipitates most of the metals belonging to 
the first and second groups, so that it can only be depended 
upon to indicate the presence of the alkaline earth-metak, when 
the absence of all other precipitable metals has been previously 
ascertained by sidphuretted hydrogen and sidphide of ammonium 
respectively. 

j3. Sulphate of calcium is very slightly soluble in water, 
sulphate of strontium still less so, and sulphate of barium 
quite insoluble. Hence sulphuric acid and most soluble sulphates 
give precipitates in the solutions of all three metals. 'But owing 
to the sparing solubility of sulphate of potassium in water, its 
solution does not usually precipitate the ealt^ a£ ca]L<;iiv»afiL^i5s5L^^ 
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very concentrated, though it is readily capable of precipitating 
those of strontium and barium :— - 

BaCl + KSO4 = KCl + BaS04, or BaO.SOa. 

Moreover, a solution of sulphate of calcium will not preci- 
pitate salts of calcium imder any circimistances, but will never- 
theless precipitate those of strontium and barium, the former 
slowly, the latter immediately. 

Oxalate of aimnonium is the reagent usually employed to 
demonstrate the presence of calcium^ with neutral or alkaline 
solutions of which it gives a white precipitate of oxalate of 
calcium, soluble in nitric and hydrochloric, but insoluble in 
acetic and oxalic acids :— 

2Caa -h (NH4)2€408 = 2NH4CI -h Ca2C408, or 2CaO.C406. 

But oxalate of ammonium produces precisely similar precipi- 
tates in neutral salts of strontium and barium, the oxalates o 
these two metals being also insoluble in water. That of barium,^ -•> 
however, is soluble in excess of warm oxalic acid. Moreover,^ ^"^j 
free ' oxalic acid precipitates neutral solutions of calcium andK^^^Q 
strontium, but not of barium, unless very concentrated. 

Hydrofluosilidc acid also serves to distinguish barium 
from those of strontium and calcium, with the first of which r 
alone produces a precipitate, the fluosilicate of barium being;^ -^i 
alone insoluble : — 

BaCl -h HSiFa = HCl + BaSiFa, or BaF.SiFj. 

Most barium salts, especially when moistened with hydrochloric -^^ 
acid, impart an apple-green colour to the blowpipie flame ; stron- — ^" 
tium salts a marked crimson ; and calcium salts an orange-red. 



(60.) y. Phosphate of ammonium, or of sodium gives wi 
magnesian solutions, containing carbonate of ammonium 
free ammonia, a white crystalline precipitate of phosphate of m ag" 
nesiuin and ammomum, frequently known as triple pnospnate :— — 

iMgCl + (NH^)i^£Oi + NH3 = iNH^Cl + Mg2NH4P08. 
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This precipitate, also written 2MgO.NH4O.PO5, does not usually 
ferrn in warm solutions, and is frequently produced only after 
brisk stirring, or rubbing the inside of the tube with a glass 
rod. It must be remembered that phosphate of ammoniimi 
gives precipitates with salts of bariimi, strontium, and calcium, 
and of most metals belonging to the first and second groups, 
80 that it can only be relied upon as a test for magnesiimi when 
the absence of all other metals precipitable by it has been first 
ascertained. 

S. Tartaric acid gives with neutral solutions of potassium- 
salts a white crystalline precipitate of acid tartrate of potassium 
Or cream of tartar : — 

KCl + HeCsOia = HCl + KHgCgOia, or KO.HO.H4C80,2. 

The precipitate does not usually appear in a warm liquid. It is 
produced very slowly in solutions of the more sparingly soluble, 
ind in dilute solutions of the more fireely soluble potassium-salts. 
From such solutions it is best obtained by cooling the mixture 
under a tap, diluting it with a little alcohol, and stirring it briskly 
cvith a glass rod, which shoidd be rubbed against the inside of the 
tube. In testing alkaline solutions for the presence of potassium, 
care must be taken to add an excess of tartaric acid. The preci- 
pitate of cream of tartar is not formed in solutions of potassium- 
salts which have a marked acid reaction from the presence either 
of oxalic acid, or of one of the strong mineral acids. But on 
neutralising such solutions with caustic soda, or carbonate of 
JBodium, and then adding tartaric acid, the characteristic precipi- 
tate is readily obtained. 

Dichloride of platinum produces also in solutions of potas- 
sium-salts, which should first be acidulated with hydrochloric 
acid, a yellow crystalline precipitate of platino-chloride of potas- 
sium KCl.PtG2) the deposition of which is facilitated by stirring 
and by the addition of alcohol. 

Solutions of ammonium-salts, when moderately concentrated, 
resemble potassixmi-salts in their behaviour with tartaric acid, 
yielding therewith a crystalline precipitate oi! m<i \«s!ccad^ ^H. 

H 
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ammonium NH4H5C8O12, or NH4O.HO.H4C8O10. Hence am- 
monia cannot be used to neutralise acid solutions which are 
to be tested with tartaric acid for the presence of potas- 
sium. Moreover, moderately concentrated solutions of ammo- 
nium-salts give with dichloride of platinum a yellow crystalline 
precipitate of platino-chloride of ammoniimi NH4CI. PtCl2, re- 
sembling the similar compoimd of potassium. Dilute solutions 
of anmioniacal saltis behave like solutions of sodium-salts in not 
furnishing any precipitate with either tartaric acid or dichloride 
of platinum. But ammoniura-saks may be readily distinguished 
from those of potassium and sodium by their partial or complete 
volatility, and by their solutions evolving ammonia when boiled 
with potash or lime : — 

NH4CI + KHO2 = KCl + NH3 + HzOa. 

Sodium-salts impart an intense yellow colouration to flame, and 
potassium-salts a marked violet. 

(61.) Barium, Strontium, Calcium. 

These three metals possess many properties in common. 

a. Their hydrates MHO2, are all soluble in water, so that the 
addition of caustic alkali, if perfectly free from carbonate, does 
not disturb their solutions. Their sulphides and sulphydrates 
are also soluble. 

j3. The following salts of these metals are insoluble in water, 
namely, the oxalates, phosphates, carbonates (even in the presence 
of ammoniacal salts), and sulphates, sulphate of barium being 
the most insoluble, sulphate of calcium the least so. Hence 
neutral barium, strontium, and calcium salts are precipitated by 
soluble oxalates, phosphates, carbonates and sulphates. 

y. When a bariiun, strontium, or calcixmi salt is ignited on 

platinum foil, a white fixed residue remains, which, except in the 

case of the chlorides, is usually infrisible. When moistened with 

solution of nitrate of cobalt and reignited, the infusible mass 

acquires an Ul-deGned grey colour. 
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(62.) Barium. 

a. Sulphuric acid and solutions of all 8ulphate8,even when very 
dilute, give with barium salts a white precipitate of sulphate of 
barium BaS04, insoluble in acids and alkalies. 

j3. Hydrofiuosilicic acid produces in acid and neutral solutions 
a somewhat transparent precipitate of fluosilicate of barium 
BaSiF3, the deposition of which is much fecilitated by the addi- 
tion of a little alcohcd. 

y. Barium salts, when intensely heated before the blowpipe 
upon a fine platinum wire, impart a marked apple-green colour to 
the fiame. 

(63.) Strontium. 

a. Sulphuric add and solutions of most sulphateSy give a pre- 
cipitate of sulphate of strontium SrS04, insoluble in acids and 
alkalies, very sparingly soluble in water. Strontium salts are not 
precipitated by solution of sulphate of strontium, and very slowly 
by solutions of the sulphates of calcium and potassium. 

/3. Strontium salts, when intensely heated before the blowpipe 
upon a fine platinum wire, impart a deep crimson colour to the 
fiame. 

(64.) Calcium. 

a. Sulphuric acid and strong solutions of sulphates give with 
moderately strong calcium solutions a white precipitate of svd- 
phate of calcium CaS04, slightly soluble in water, insoluble in 
proof-spirit. But dilute calcium solutions are not precipitable by 
any sulphate, while even strong solutions are not precipitable by 
the sulphates of strontium, calciimx, and potassium. 

/3. Oxalate of ammonium produces in neutral calcium solutions 
a white precipitate of oxalate of calcium Ca2C408, soluble in 
nitric and hydrochloric acids, insoluble in acetic and oxalic acids,, 
and insoluble in ammonia. 

H 2 
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y. Calcium salts impart a fine orange-red colour to the blow- 
pipe flame. 

(65.) Magnesium. 

a. Sulphydrate, and sulphate of magnesium are soluble in 
water. Hence magnesian salts are not precipitated by soluble 
sulphydrates and sulphates. 

/3. Hydrate, carbonate, oxalate, phosphate, and arseniate of 
magnesium, are insoluble in water. Hence magnesian salts are 
precipitated by soluble hydrates, carbonates, oxalates, phosphates, 
and arseniates. But all magnesian precipitates, excepting the 
phosphate and arseniate, are soluble in ammoniacal solutions. 
When phosphate of sodium or ammonium is added to a solution 
of magnesium containing chloride of ammonium and rendered 
alkaline by ammonia, a white crystalline precipitate of triple 
phosphate Mg2NH4P08, is produced, which is soluble in dilute 
acids, insoluble in ammonia and ammoniacal salts. 

y. Magnesium compounds, heated on charcoal or platiniun 
foil, leave a white fixed infiisible residue, which when moistened 
with nitrate of cobalt solution and reignited in the blowpipe 
flame assumes a faint pink colour. 

(66.) Potassium. 

a. All simple potassium salts, except the acid-tartrate, are 
moderately soluble in water. Tartaric acid added in excess to 
the neutral or alkaline solution of a potassium salt throws down 2^ 
white crystalline precipitate of cream of tartar KH5C80i2, whicL 
frequently does not appear immediately. Its deposition is facili- 
tated by stirring the mixed liquids, and by the addition of a 
little alcohol to them. It is soluble in mineral acids, in hot 
water, and in a large excess of cold water, 

/3. Dichloride of platinum when added to neutral or acid 
solutions of potassium throws down a yellow crystalline precipi- 
tate of potassio-chloride of platinimi KPtCl3, or KCl.PtCl2. The 
solution should generally be acidulated with a few drops of 
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hydrochloric acid before being tested. The precipitate does not 
always appear immediately : its production is facilitated by stir- 
ring and by the addition of a little alcohol. 

y. Potassium salts when heated on charcoal or platinum foil 
leave a fixed and generally fusible residue. When heated before 
the blowpipe they impart to the flame a marked violet colour, 
which, however, is not recognisable in the presence of even a 
small quantity of sodium. 

(67.) Ammonium. 

. a. All simple ammoniacal salts, except the acid tartrate, are 
finely soluble in water. Tartaric acid reacts upon ammoniacal 
as upon potassium salts. The resulting precipitate of acid 
tartrate of anunoniiun NH4H5C8O12, is, however, more soluble in 
Water than the corresponding potassium compoimd, and con- 
sequently does not form, save when the ammoniacal solution is 
moderately concentrated. 

/3. Dichloride of platinum reacts upon ammoniacal salts to 
form the ammonio-chloride of platinum NH4PtCl3, orNH4Cl.PtCl2, 
vrhich closely resembles the corresponding potassium compound 
in its appearance, solubility, and mode of deposition. 

y. When any ammoniacal salt is boiled with potash or lime, 
ammoniacal vapour is given off, which is recognisable by its 
smell, by its action on test paper, and by its forming opaque 
iumes when brought into contact with the vapour of hydrochloric 
acid. 

5. All ammoniacal salts volatilise partly, most of them entirely, 
when heated upon platinum foil or charcoal. 

(68.) Sodium. 

a. Sodium solutions are non-precipitable, all simple sodium 
salts being soluble in water. 

/?. Sodiimi salts when heated on platinum foil or charcoal leave 
a fixed residue, almost always fusible, and impart an intense 
yellow colour to flame. 
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§ VII.— EXAMINATION FOR ACIDS. 

(69.) The student shoidd always ascertain the nature of the 
metallic or basic constituent of his substance, before proceeding 
to search for its acid or chloroid constituent. In this search he 
will be greatly assisted by a knowledge of the special characters 
of particidar salts, and of the general chai-acters of various 
classes of salts. Knowing, for instance, that sulphate of barium 
is insoluble in all menstrua, he need not test a soluble barium 
salt for sidphuric acid. On the other hand, a salt insoluble in 
water is not likely to be a nitrate or chlorate. The following 
classes of salts are, as a rule, soluble in water : — Nitrates, except- 
ing a few superbasic salts ; acetates, except that acetate of silver 
is only sparingly soluble ; chlorides, except chloride of silver, 
which is insoluble in boiling nitric acid, and mercurous chloride, 
or calomel, which dissolves in boiling nitric acid with conversion 
into a mercuric salt : chloride of lead is moderately soluble in 
boiling, though very sparingly soluble in cold water. Sidphates, 
except those of barium, strontiiun, and lead, which last is soluble 
in boiling hydrochloric acid : the sulphates of silver and calcium 
also are only sparingly soluble. The following classes of salts 
are, as a rule, insoluble in water: — Oxides or hydrates, and 
sulphides or sulphydrates, except those of the alkali- and alkaline 
earth- metals, and the sidphy drate of magnesium ; also carbonates, 
phosphates, and oxalates in general, except those of the alkali 
metals, and many hyperacid salts. 

The presence of any particidar acid is indicated with more or 
less certainty by the behaviour of the substance when gently 
heated in the solid state with three or four times its bulk of 
strong sulphuric acid, and when under examination for the detec- 
tion of its metallic constituent. 

The most usual decomposition which takes place between 
sidphuric acid and the salt of a more volatile or feeble acid 
consists in an exchange of the hydrogen of the sulphuric acid 
for the metal of the salt, thus : — 
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H2S2O8 + NaCl = NaHSaOg + HCl 
H2S2O8 + KNO3 = KHS2O8 + HNO3. 

Heactions similar to the above take place with the salts of 
nearly all acids, provided the sulphuric acid employed is not too 
strong, and the heat not too great ; but with ordinary oil of 
vitriol, especially at a somewhat high temperature, the liberated 
acids themselves often undergo a partial or complete decom- 
position. 

The tartaric and citric acids, for instance, are destroyed with 
more or less charring. The nitric and chloric acids yield the 
peroxides of nitrogen and chlorine respectively, thus : — 

HN06 = HO + NO4 +0 
HC106 = HO + CIO4 -f O 

except that, in the former case, the decomposition is but slight, 
while in the latter, the separated oxygen converts another portion 
of the chloric into perchloric acid. 

Oxalic acid breaks up into water, carbonic oxide, and carbonic 
anhydride, thus : — 

H2C2O8 = H2O2 + C2O2 + C2O4. 

The hydrobromic, hydroiodic, and sidphydric acids are decom- 
posed with liberation of bromine, iodine, and sidphur, respectively, 
thus: — 

HBr 4- HSO4 = SO2 -h H2O2 -f Br 
HI -h HSO4 = SO2 + H2O2 + I 
HS -h HSO4 = SO2 -h H2O2 -h S. 

Hydrocyanic acid yields acid-sulphate of ammonia and carbonic 
oxide, thus : — 

HC2N + H2O2 -h H2S2O8 = C2O2 + NH3.H2S2O8. 

(70.) In the following table the principal acids are classified 
according to the behaviour of their salts when under examination 
for bases, and when warmed with strong sulphuric acid : — 
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Table IV. — Pheliminaet Testing fob Acids. 



a. Indicated during 
previons examina- 
tion 



NrntATES ) Defla- 
Chlobatbb > grate 



TABTRATE8 ) ^^ 

Citrates ) 



CASBOSA.TBa\ 



Sulphides 
Sulphites 
Peboxides 



Effer- 



vesce 
'with 
HCl 



Persulphides 
Silicates 
Borates 
ben2s0atbs 






•aw 






Arsenates ) Heact 
Chbomates i wlthHS 



p. Corroborated 

by sulphuric 

acid 



Nitrates. Brown 
acid vapours with 
copper 

Chlorates. Brown- 
ing and crackling 
detonation 



Tartrates 
Citrates 



Char 



Carbonates. ^^^. 
SULPHIDES 1^^ 



Sulphttes 



y. Also react with 
sulphuric acid. 



Chloridbs. Pungent 
acid fumes. With 
MnOa eyolye chlo- 
rine 

Bromides. Brown 
fumes, which bleach 
litmus, and turn 
starch yellow 

Iodides. Violet va- 
pours, which turn 
starch paper purple 

Fluorides. Pungent 

acid fumes, which 
etch glass 

Acetates. Acid va- 
pour. "WithC4H60», 
yield acetic ether 



S. No obvious effect 

with sulphuric 

add 



Borates. Give green 
flame with alcohol 



Oxalates ) Efler- 
Ctanides I vesoe ? 

Phosphates \ 
Arsenates 
Sulphates V 

SnJCATES I 

Oxides j 



(71.) a. Deflagration of the substance when heated upon 
charcoal before the blowpipe shows the probable presence of a 
nitrate or chlorate. 

Charring of the substance when heated upon platinum foil 
or charcoal usually indicates the presence of a tartrate or 
citrate. 

Effervescence from the substance, when its solution is being 
effected in hydrochloric acid, occurs with several classes of 
salts. 

With nearly all carbonates there is evolution of carbonic 
anhydride, thus : — 

HCl + CaCOa = CaCl + HO + CO2. 
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The gas is free from any marked smell, and renders lime water 
rtiilky, (vide par. 84). 

With many sulphides there is evolution of sulphydric acid 
OT sulphuretted hydrogen, thus : — 

HCl + FeS = FeCl + HS 
3HCI + SbS3 = SbCla + 3HS. 

The gas smells most offensively, and turns lead paper of a black 
or brown colour. 

With sulphites there is evolution of sulphurous anhydride, 
"thus:— 

HCl + NaSO^ = NaCl + HO + SO2. 

The gas has the peculiar suffocating smell of burning sulphiu*, 
£ind produces a purple discolouration on starch paper moistened 
"^th iodic acid solution. 

With peroxides there is evolution of chlorine, thus : — 

2HCI + MnOa = H2O2 + MnCl + CI. 

The gas, which has a greenish colour and characteristic irri- 
tating smell, produces a purple colouration on starch paper moist- 
ened with iodide of potassium. 

Similar effects are observable on acidifying with hydrochloric 
acid the aqueous solutions of soluble carbonates, sulphides or sul- 
phydrates, and sulphites ; but the evolution of chlorine imder 
these circumstances would probably be due to the presence of a 
hjrpochlorite. Moreover, most simple cyanides, and the strong 
aqueous solutions of such of them as are soluble, effervesce when 
warmed with hydrochloric acid, from an evolution of hydrocyanic 
acid gas, known by its characteristic smell, and by its behaviour 
with sulphide of ammonium, &c., (vide par. 91). 

HCl + KC2N = KCl + HC2N. 

The aqueous solutions of certain salts when acidified with 
hydrochloric acid yield precipitates due, not to the metals silver, 
lead, and mercury, but to the acids of the respective salts. 

With persulphides there is formed a yellowish white 
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turbidity from liberated sulphur, always accompanied, however, 
by an evolution of sulphiu-etted hydrogen. 

HCl + KS2 = KCl + HS + S. 

With hyposulphites, there is produced a decidedly yellow pre- 
cipitate of sulphur, and an evolution of sulphurous anhydride, 
thus: — 

HCl + NaSzOa = NaCl + HO + SO^ + S. 

With soluble silicates there is produced a gelatinous precipi- 
tate of silica, which separates out more completely, and becomes 
gritty on evaporation : — 

2HCI + K2Si04 = 2KCI + H2O2 + SiOj. 

Borates and benzoates, if sufficiently concentrated, yield 
ciystalline precipitates of boric and benzoic acids respectively, 
which dissolve in boiling water, and ciystallise out again on 
cooling : — 

HCl + NaH5(B06)2 = NaCl + 2H3BO6 

Ha H- e:h5C704 = kci + H6C7O4 

In testing for bases of the first group, by treating the acidi- 
fied solution of the substance with sulphiu'etted hydrogen, strong 
evidence of the presence of arsenates or chromates may also be 
afforded. Acidified solutions of arsenates slowly yield a 
yellow precipitate of mixed trisulphide of arsenic and sulphur, 
thus : — 

5HS + HCl + KHiAsOg = 4H2O2 +K:C1 + AsSa + S2. 

Acidified solutions of chromates yield a yellowish white 
deposit of sulphur, while the colour of the liquid changes from 
orange-red to green, owing to the reduction of the chromic acid 
to the state of a chrome-salt, thus : — 

3HS + 3HCI + 2Cr03 = 3H2O2 + CrjCla + S3. 

(72.) /3. Nitrates when heated with sulphuric acid give off 

nitric acid vapours, sometimes having a brownish tint from the 

presence of peroxide of nitrogen. On the addition of a few 

copper turnings the brown colour becomes very marked from the 

evolution of coiourless nitric oxide 1^0 2, aisid ita immediate con- 
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'v-ermon into brown peroxide of nitrogen NO4, by an absorption 
of atmospheric oxygen : — 

3HSO4 + sCu + HNOe = 3CUSO4 + 2H2O2 + NO2. 

The vapour, whether before or after the addition of copper, 
lias a characteristic nitrous smell, reddens litmus paper, and gives 
a purple colouration to starch paper moistened with iodide of 
J)otassium : KI + NO4 = KNO4 -f I. 

Chlorates react somewhat violently with sulphuric acid, pro- 
ducing an immediate browning, and, either at once or on the 
slightest application of heat, a crackling, or even loud detona- 
tion, from the breaking up of the peroxide of chlorine first 
liberated. 

Tartrates and citrates imdergo more or less charring, the 
tartrates becoming thoroughly blackened, the citrates merely 
browned. 

Carbonates, sulphites, and sulphides effervesce with sulphuric 
as with hydrochloric acid, except that some of the liberated sul- 
phydric acid reacts with the excess of sulphuric acid to form sul- 
phur, water, and sulphurous anhydride, as already described, 
(vide par. 69). 

y. Most chlorides when warmed with sulphuric acid evolve 
hydrochloric acid gas, which reddens litmus paper, and has a well 
characterised pungent smell. On the addition of a little peroxide 
of manganese, chlorine is evolved, recognisable by its peculiar 
irritant smell : — 

HSO4 + MnOz + HCl = MnS04 + H2O2 + CI. 

It bleaches litmus, and produces a purpling of starch paper 
moistened with iodide of potassium solution. 

Bromides evolve a mixture of hydrobromic acid with 
bromine vapour, the latter recognisable by its brown colour, irri- 
tant smell, power of bleaching litmus, and of turning starch paper 
yellow. 

Iodides yield iodine vapour, recognisable by its violet colour, 
and by its rendering starch paper purple. 
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Fluorides give off pungent fumes of hydrofluoric acid, 
which redden litmus and etch glass, (vide par. 98). 

Acetates give off acetic acid vapours, which redden litmus. 
On the addition of a little alcohol the original sour smeU of the 
acid is changed into the fruity smell of acetic ether. 

3. Borates do not react visibly with sulphuric acid, but on 
adding alcohol, and then setting fire to the mixture in a capsule, 
the flame presents a marked green colour. 

Oxalates and cyanides are decomposed by heated sul- 
phuric acid with liberation of carbonic oxide gas, accompanied 
in the case of the former salts with carbonic anhydride ; but as 
the evolution of gas is liable to be overlooked, and the gas itself 
does not present any striking property, the oxalates and cyanides 
are here included among the salts with which sulphuric acid pro- 
duces no obvious effect. 

Phosphates, arsenates, sulphates, silicates, and oxides 
do not react visibly with sulphuric acid ; except that with some 
peroxides there is evolution of oxygen, convertible into chlorine 
on the addition of chloride of sodium or hydrochloric acid. 

(73.) The various liquid tests for the acids should be applied 
by preference to an aqueous solution of the original substance. 
But if insoluble in water, and consequently neither a nitrate nor 
a chloride, it may be dissolved in dilute nitric or hydrochloric 
acid, and the tests applied to the solution so formed. 

The presence of certain basic metals interferes occasionally 
with the described reactions of several of the acids. Thus solu- 
tion of hydrochloric acid or any chloride, when tested with 
nitrate of silver, gives a white precipitate of chloride of silver, 
said to be readily soluble in ammonia. But on adding nitrate of 
silver to solution of mercuric chloride, and treating the resultant 
white precipitate with ammonia, there is no obvious solution pro- 
duced, because, although the precipitated chloride of silver does 
actually and completely dissolve, a white insoluble mercuram- 
monium compound is simultaneously thrown down fix>m the 
mutual reaction of the ammonia and mercuric salt. 

Bearing in mind, however, the interference likely to be 
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produced by the presence of the particular metal previously- 
detected, the tests for sulphuric, hydrochloric and nitric acids 
can for the most part be satisfactorily applied to any of their 
salts. 

But in testing for phosphoric, oxalic, and tartaric acids more 
particidarly, and for other acids when any difficulty occurs, it is 
important that the base of the salt should be one of the alkali 
metals, potassium, or sodium, or ammonium. 

The bases of the first group may be got rid of by saturating 
the solution with sulphuretted hydrogen gas, filtering, evaporating 
the filtrate until it ceases to smell, and neutralising it with car- 
'bonate of sodium or potassium. 

The bases of the second group, together with bariimi, stron- 
tium, calcium, and magnesium, may be removed by adding to the 
acidulous, or occasionally to the aqueous, solution of the substance 
an excess of carbonate of sodium or potassiimi, boiling for some 
time, and filtering. The filtrate may afterwards be neutralised 
with nitric or hydrochloric acid, which may be conveniently added 
drop by drop fi:om a pipette. 

(74.) The following abridged table shows the action of some 
general reagents upon the dissolved salts of the principal acids. 
By its aid and that of the preceding table, the student will 
rarely have much difficulty in quickly discovering the acid con- 
stituent of his substance, although, indeed, the course of exami- 
nation is not so systematic as that for the bases. A more 
complete table for the detection of the acids would include the 
reactions of a few organic salts of comparatively rare occurrence, 
such as the formates, succinaties, citrates, meconates, gallates, 
tannates, and ferridcyanides ; of a few mineral salts of similarly 
rare occurrence, namely, the iodates, seleniates, and silico-fluo- 
rides ; of a few mineral salts rarely met with in the soluble form, 
namely, silicates and fluorides ; and of the previously detected 
arsenates. It would also mention the several precipitates given by 
nitrate of silver and nitrate of bariimi respectively, which disappear 
on acidification, and which, as a rule, have but little practical 
interest. • 
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Table V. — Coubsb fob Detection of the Acids. 



a. Nitrate of 

Rn.VER 


p. NlTRATB OF 

Bartum 


y. Chloride of 

CATX3IUM 


e. Perchloride 
of Iron 




From acid » 
Chlgkides'] 
Ctanides 
Bbomidss , 
Iodides. Y 


Dlutions 
"White 
ellow 


From add solutions 
Sulphates. White 

From non-acid sols. 
Chbomates. Yellow 


From acetic acid sols. 
Oxalates. White 

From neutral sols. 
Tartrates. White 


From acid solutions 

Ferroctanidrr. 
D. blue pp. 

SULPHOCYANIDBS. 

D. redcoL 
From neutral sola. 


1 


Sulphides. 


Black 


Carbonates 

Sulphites 

&c., & 


•White 
c. 


8. Sulphate of 
Magnesium 

From ammon. sols. 

Phosphates. White 


Borates ' 

Benzoates 

< 

Acetates. 
colour 


li. brown 
pp. 

D. red 





(75.) a. Nitrate of silver causes precipitates in the solutions of 
very many classes of salts, the majority of silver salts being more 
or less insoluble in water. The reactions consist in an exchange 
of the silver of the nitrate of silver for the metal or quasi-metal 
of the dissolved salt under examination, as illustrated by the 
following examples : — 

AgN06 + KI = KN06 + Agl 

3 AgN06 + Fe^Cla = Fe2(N06)3 + 3 AgCl 
2AgN06 +(NH4)2C408= 2NH4NO6 + Ag2C408 
3 AgNOe + NaaHPOg = 2 NaJSTOe + HNOe + AgjPOg 

All the precipitates produced by nitrate of silver disappear upon 
the addition of nitric acid, or do not form in presence of free nitric 
acid, except the chloride, cyanide, bromide, iodide, and sulphide. 

With chlorides the silver precipitate is white, becoming 
slate-coloured on exposure to light, and soluble in ammonia 
before discolouration. Upon heating the original substance with 
peroxide of manganese and sulphuric acid, chlorine gas is evolved. 

With simple* cyanides the silver precipitate is white, soluble 

♦ Ferrocyanide, and sulphocyanate of sUver occur as white precipitates, 
and the ferridcyanide as a brown precipitate, all unaffected by nitric acid, 
but soluble ferrocyanides, ferridcyanides, and sulphocy^ates are recog- 
nised immediately by their behaviour with iron solutions. 
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Ln ammonia, and in boiling concentrated nitric acid : a portion of 
bhe precipitate washed by decantation may be treated with yellow 
Enilphide of ammonium, whereby sulphide of silver and sulpho- 
cyanate of ammonium are produced, which last strikes a deep red 
colour on the addition of a ferric salt. An excess of sulphide of 
ammonium must be avoided, or afterwards got rid of by evapo- 
rating to dryness. 

With bromides the silver precipitate is white, and with diffi- 
<:ulty soluble in ammonia. Bromine is liberated from the original 
salt, when treated with sulphuric acid, and from the solution of the 
salt when treated with a few drops of nitro-hydrochloric acid or 
cblorine-water, whereby the liquid assumes a red-brown colour, 
rendered more evident upon the addition of a little ether or 
chloroform, which dissolves out the bromine to form a deep brown 
stratum. 

With iodides the silver precipitate has a pale yellow colour, 
and is insoluble in, but turned white by, ammonia. Iodine is 
liberated from the salt when treated with sulphuric acid, and from 
the solution of the salt when treated with a few drops of nitric or 
nitro-hydrochloric acid or chlorine-water, its presence being 
manifested by the purple colour it produces on starched paper, or 
with dilute starch paste added to the liquid, or by the pink or 
crimson colour it imparts to chloroform. 

With sulphides the silver precipitate is black, and insoluble 
in ammonia, but soluble in boiling nitric acid. Nitro-prusside 
of sodium added to an alkaline sulphide produces a deep purple 
colouration. 

Of the silver precipitates which disappear on acidification with 
nitric acid, the hydrate is brown, the chromate dark red, the ar- 
senate brick-red, the phosphate bright yellow, though sometimes 
white, the carbonate pale yellow, and the rest white. The oxa- 
late is insoluble in acetic acid ; the acetate is thrown down from 
concentrated solutions only ; the carbonates, formates, and sul- 
phites are reduced to the metallic state on boiling; while the 
borates, benzoates, and citrates do not exhibit any characteristic 
property. 
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(76.) /3. Nitrate or chloride of barium precipitates the solutions 
of many classes of salts, most barium salts being insoluble or 
sparingly soluble in water. The reaction consists in an exchange 
of the barium of the nitrate or chloride of barium for the metal 
or quasi-metal of the salt under examination, thus : — 

BaNOa + NaS04 = NaJSTOg + BaS04 
2 BaCl + KHS2O8 = KCl + HCl + Ba^S^Og 

With sulphates the barium precipitate is white, and, if in 
any quantity, opaque. It does not disappear upon the addition 
of nitric or hydrochloric acid, but is nevertheless slightly soluble 
in concentrated nitric acid. The seleniate and silicofluoride o: 
bariimi also occur as white precipitates unaffected by acidification, 
(vide par. 87). Of the barium precipitates which dissolve in nitric 
or hydrochloric acid, the chromate is yellow and the remainder* 
wliite. The carbonate and sulphite dissolve with effervescence. 
The arsenate, borate, and tartrate do not form in the presence 
of ammoniacal solutions, and, when once thrown down, disappear 
more or less readily on the addition of chloride of ammonium* 
The oxalate and phosphate exhibit no characteristic properties. 

(77.) y. With a few exceptions, chloride of calcium causes 
precipitates with the several classes of salts which are precipitated 
by chloride or nitrate of barium ; but while sulphate of barium 
is much more insoluble in water and acids than sulphate of 
calcium, oxalate of calcium is more insoluble in water, and 
especially in acetic acid, than oxalate of bariimi. 

With solutions of oxalates in which there is no free mineral 
acid, chloride or sulphate of calcium produces an opaque white 
precipitate of oxalate of calciimi, the deposition of which, when 
in small quantity, may be facilitated by stirring : — 

zCaCl + K2C4O8 = 2KCI + Ca2C408. 

The precipitate is insoluble in ammonia and in acetic acid, but 
soluble in dilute nitric or hydrochloric acid. Its solubility in 
mineral acids distinguishes it from sulphate of calcium, which is 
occasionally thrown down by chloride of calcium from strong 
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8olution» of sulphates ; while its insolubility in acetic acid dis- 
tinguishes it from the phosphate, tartrate, carbonate, and other 
salts of calcium insoluble in water. The solution to be tested for 
oxalic acid with chloride of calcium may be alkaline, or neutral, 
or acid from acetic acid only. If an alkaline carbonate is present 
from its employment in preparing the solution, it should be neu- 
tralised with acetic or hydrochloric acid. If an excess of mineral 
acid is present, it may either be neutralised with ammonia, or 
acetate of ammonia may be added, whereby the free mineral acid 
is replaced by free acetic acid, thus : HCl + NH4H3C4O4 
= NH4CI + H4C4O4 ; but in practice it is better to add the 
ammonia and acetic acid separately. 

In neutral solutions of tartrates, ehloride of calcium gives a 
white precipitate of tartrate of calciimi, soluble even in acetic 
acid: — 

2CaCl + KNaH4C80i2 = KCl + NaCl + Ca2H4C80,2. 

On digesting the precipitate with potash, filtering, and boUing 
the filtrate, a white turbidity is produced, which disappears on 
cooling. This behaviour with potash distinguishes the, tartrate 
from the phosphate and other insoluble salts of calcium. Tartrate 
of calcium is not thrown down in the presence of much ammoniacal 
salt. 

(78.) 3. Although phosphate solutions are precipitated alike 
by nitrate of silver, nitrate of barium, chloride of calcium, sul- 
phate of magAesium, and perchloride of iron, it is the magnesian 
precipitate more especially which is characteristic of phosphoric 
acid. From a neutral or alkaline phosphate solution, a mixture 
of sulphate of magnesium, chloride of ammonium and ammonia 
throws down a white crystalline precipitate of phosphate of 
ammoniimi and magnesium, thus : — 

Mg^S^Og + NH3 + Na^HPOg = Na^S^Og + NH4Mg2P08. 

In common with all magnesian precipitates, it is readily soluble 
in acids; but, unlike any other magnesian salt, except the 
arsenate, it is insoluble in ammonia and ammoniacal salts. The 
yellow precipitate given with nitrate of silver isa useftil confirma- 

I 
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tory , test, as is also the reaction with molybdate of ammonitim 
(vide par. 92), although this last is common to the phosphoric 
and arsenic acids. 

(79.) €. Perchloride of iron, which, for most purposes, shoidd 
be free from any excess of acid, causes precipitates or characteristic 
alterations of colour in the solutions of very many classes o: 
salts, among which may be mentioned the following : — 

With ferrocyanides a dark blue precipitate of Prussian 
blue FcyCyg or 3FeCy.2Ffe'"Cy3, is thrown down, while wi 
sulphocyanatesa dark red colour, due to ferric sulphocy 
]Fe2(CyS2)3, is developed, neither of which results is affected by 




the addition of hydrochloric acid. With neutral borate 
benzoates, or phosphates, there is produced a pale browiK. 
precipitate of borate, benzoate, or phosphate of iron, which dis — 
appears on the addition of hydrochloric acid. The phosphate, 
however, FeaPOg or Ffe^'POg, is scarcely affected by acetic acid, 
save in presence of a large excess of iron. 

With neutral acetates and sulphites, there is produced a 
dark reddish-brown colouration, which disappears on the addition 
of hydrochloric acid, or on boiling : in the latter case with forma- 
tion of a red-brown turbidity. 

Nitrates and chlorates are unaffected by any of the general 
reagents mentioned in the table. 

(80.) Although nearly all of the acids react more or lesa 
characteristically with several reagents as above .described, the 
following list of acids or salts, with the tests by which their 
presence is more particularly indicated or established, may 
nevertheless prove useful to the student : — 



[ Deflagration on charcoal, and reaction with sulphuric acid. 



Chbomatbs Beaction with sulphydric acid. 

ITlTBATES 

chlora.tes 

Gabbonates 
sulphtoes 

SlTLFHITES 

SvzPHATEB Precipitation by chloride of barium. 



■ Effervescence with acids. 
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ZIklobidbs \ 
Bboiodbs 

[ODIDBS 

Ctantobs 



Precipitation by nitrate of silver. 



Phosphates Precipitation by sulphate of magnesitim«. 

Oxalates 
Tabtbates 



ACBTATES 
B&17ZOATBS 



y Precipitation by chloride of calcium*. 
I- Beaction with perchloride of iroQ. 

} 



BOAATES 

Fi.uoit£DEs \ Special tests. 
Silicates 



In the following paragraphs, describing the several reactions of 
the different acids, the order of the above list is adopted. 

(8 1.) Chromatjes,. 

Chromates are usually of a yellow or red colour, and, except 
those of the alkali metals, are more or less insoluble in water. 

a. Chromates acidified with hydrochloric acid, and treated 
with sulphuretted hydro^en^ yield a deposit of sulphur, and a 
green solution of chromic chloride 02^3. The same compoimd 
is produced on boiling the solution of a chromate with hydro- 
chloric acid and a little alcohol. To it the ordinary tests for 
chrome salts can be applied. 

/3. Nitrate of silver gives a dark red precipitate of chromate 
of silver AgCr04, soluble in nitric acid. Nitrate of barium and 
acetate of lead throw down yellow precipitates of the chromates of 
the respective metals. 

(82.) Nitrates. 

The nitrates are soluble or non-precipitable salts, which 
deflagrate when ignited upon charcoal or with organic matter. 

a. When a nitrate, or the concentrated solution of a nitrate, is 
gently heated with sulphuric acid and a few copper tuminqs^ 
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Fig. 36. 




brown fumes of peroxide of nitrogen NO4, are evolve 
which redden, but do not bleach, litmus paper, a.:^ 
produce a purple colouration on starch paper moisteife^ ^ 
with iodide of potassium. 

j3. A solution of protosulphate of iron carefuT.X 
poured upon sulphuric acid, to which a minute portLoj 
of a solid or dissolved nitrate has been added, piro 
duces a deep brown halo at the junction of the t^vc 
liquids, as seen in fig. 36. 

y. When a minute quantity of ^^oZrf-Zcq/* is boiled 
in hydrochloric acidy no action is produced ; but, on 
the addition of a little nitric acid or a nitrate, the 
gold quickly disappears, and may be detected in 
solution by protochloride of tin, whifih giyes rise to a 
purplish precipitate. 

(83.) Chlorates. 

The chlorates, like the nitrates, are soluble or non-precipitable 
salts, which deflagrate when ignited upon charcoal or with organic 
matter. 

a. Strong sulphuric acid added to a solid chlorate produces a 
brown colouration with crackling detonation, especially whea 
gently warmed. The experiment should be made carefully, and 
with but a small quantity of the salt, for fear of an explosion anc' 
scattering of the acid. 

j3. The addition of some solid or dissolved chlorate to hydr 
chloric acid enables it to bleach litmus and dissolve gold-le 
Strong hydrochloric acid reacts with a moderate quantity 
a solid chlorate to produce a greenish yellow gas knowi 
euchlorine. 

y. CJhlorates of alkali-metal, when heated alone, and 
chlorates, when heated with carbonate of sodium in a redi 
tube, evolve oxygen, known by its inflaming a piece of 
'— «oTit wood; and leave a residue of alkaline chloride, 
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>le by adding nitrate of silyer to ita solution previously 
Bed with nitric acid, when a white precipitate of chloride of 
T is thrown down. 



(84.) CARBONJtTES, 

I adding hydrochloric or slight- 
luted sulphuric acid to a solid 
iissolved carbonate, efferves- 
j of carbonic anhydride CO2, 
oduced, either immediately or 
jntly warming. The gas is free 
any marked smell, and does not- 
; lead paper, but turns lime water 
/, from the precipitation of car- 
te of caleium C»C03. It may 
sted by means of the apparatus 
n ia fig. 37 ; or, being one- and 
If times as heavy as air, it may 
snerated in one test-tube, and 

carefully poured! into another 
.ining some lime water, with 
1 it is to be agitated. The 

water may be replaced by 
a- water or a solution of basic 
te of lead. 

Soluble carbonates- give pre- 

ites with salts of silver, barium^ 

im, &c., &c., which disappear 

effervescence on the addition 

y acid. 



5'ig. 57. 



(85.) Sulphides and Sulphydrates. 

Most sulphides, when acted upon by hydrochloric or mode- 
r dilute sulphuric acid, especially on tlcie aY^'C^^cjvi ^i V^»^, 
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evolve sulpliuretted hydrogen, which is known by its offensiye 
smell, and by the brown or lustrous black stain it produces on 
lead paper. All sulphides, when fused with carbonate of sodium, 
in a porcelain capsule, leave a residue, which disengages sulphu- 
retted hydrogen upon the addition of an acid. The residue, 
moistened with water, gives a black stain to silver coin, ^d a 
purple colotiratiion with nitropmisside of sodium (vide j3 'aad y). 

/3. Soluble sulphides, including sulphide of hydrogen, give 
with nitrate of silver a black precipitate of sulphide of alver 
AgS, which does not disappear on the addition of cold nitric acid. 
They also produce a black stain on metallic silver, or acetate q 
lead paper. The precipitate of sulphide of lead PbS, throw 
down from any dissolved lead salt, is not affected by dilu 
mineral acids, save on the application of heat. 

y. Nitroprusside of sodium produces a magnificent purples 
colouration with soluble sulphides, even whien extremely dilute— 
The effect, however, is not obtained with sulphide of hydrogeoL 
imtil after the addition of a drop or so of alkali. 

h Many sulphides, when heated in a glass tube open at both 
ends, evolve sulphurous anhydride SO2, which is known by its 
smell of burning sulphur, and by its producing a purple staia oa 
starch paper moistened with iodic acid. 

(86.) Sulphites. 

o. Hydrochloric or sulphuric acid causes an effervescence of 
sulphurous acid or anhydride SO2, known by its smell of burning 
sulphur, and by the purple colouration it gives to starch paper 
moistened with iodic acid. On the addition of a fragment of 
zinc, the sulphurous is replaced by sulphydric acid, known by its 
effect on lead paper. Hyposulphites behave in a similar 
manner, except that the effervescence of sidphurous acid is 
accompanied by a deposition of yellow sulphur. 

/3. Nitrate of silver gives a white precipitate of sulphite of 
silver AgSOa, soluble in dilute nitric acid, and reduced to the 
metallic state on boiling. 
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y. Chloride of barium gives a white precipitate of sulphite of 
barium BaS03, readily soluble in dilute hydrochloric acid, and 
reprecipitable therefrom in the form of sulphate of barium 
BaS04, ®^ *^® addition of chlorine water or of nitrohydrochloric 
acid. 

5. Perchloride of iron produces in neutral solutions a red 
colouration, which disappears on the addition of a strong acid, 
and is destroyed by boiling, with formation of a brown deposit of 
ferric oxide. 

(87.) Sulphates. 

a. Nitrate or chlonde of barium throws down an opaque white 
precipitate of sulphate of bariimi BaS04, "'''^liich does not dis- 
appear on the addition of hydrochloric or nitric acid even at a 
boiling heat. But in presence of a large excess of nitric acid 
a portion of sulphate of barium remains in solution. The 
washed and dried sulphate is converted by ignition with black 
flux into a soluble sulphide, which on acidification evolves sul- 
phuretted hydrogen, known by its action on lead paper. The 
seleniate and silicofluoride of barium resemble the sulphate in 
being precipitable from acid solutions, but, when boiled with 
strong hydrochloric acid, the seleniate dissolves with evolution of 
chlorine, while the silicofluoride, which is very transparent, 
also dissolves, with the exception of a little silica. 

(88). Chlorides. 

o. Nitrate of silver produces a white clotty precipitate of 
chloride of silver AgCl, which becomes slate-coloured on ex- 
posure to light. It is insoluble even in boiling concentrated 
nitric acid, but readily soluble in ammonia. When heated in a 
porcelain capsule, it does not undergo decomposition, but simply 
fuses. 

/J. Qilorides, when heated with strong sulphuric acid, save 
those of mercury, silver, and tin, evolve hydrochloric acid gas, 
known by its pimgent smell and acid reaction. When heated 
with peroxide of manganese and sulphuric acid^ chlorine ^as ia. 
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given off, recognisable by its irritant odour, green colour, po"^ 
of bleacliing litmus, &c., and by the purple stain it produces 
a piece of starch paper moistened with iodide of potassium. 

(89.) Bromides. 

a. The precipitate of bromide of silver AgBr, produced 
nitrate of stiver in solutions of bromides, closely resembles 
chloride, except that it has a faint tinge of yellow and is 
readily soluble in ammonia. 

p. Bromides when heated with strong sulphuric acid, with 
without the addition of peroxide of manganese, evolve bromixi^, 
which is recognised by the red colour and irritant smell of i^fi 
vapour, by its bleaching litmus, and turning starch paper yellcw. 

(90.) Iodides. 

a. The precipitate of iodide of silver Agl, produced by nitrate 
of silver in solutions of iodides, is of a pale yellow colour, insolu- 
ble iB, but turned white by, ammonia, and in other respects 
similar to the chloride, 

/3. A sufficiency of chloride of mercury produces a scarlet pre- 
cipitate of iodide of mercury Hgl ; while acetate of lead throws 
down a yellow precipitate of iodide of lead Pbl, somewhat soluble 
in boiling water, and deposited therefrom on cooling in golden 
scales. 

y. Iodides when acted upon by strong sulphuric acid with or 
without ^eroa;ic?e of manganese, evolve iodine, known by its violet 
vapour, staining starch paper purple. 

I, A drop or two of chlorine water, or of nitric or preferably 
nitro-hydrochloric acid, added to a dissolved iodide, causes a 
liberation of its iodine, which if in any quantity imparts a yellow- 
brown colour to the liquid. But in presence of dilute starch 
paste, a deep purple colour is developed ; while chloroform or 
disulphide of carbon shaken with the liquid becomes of a bright 
pink or ciimson colour. 
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(91.) Ctanides. 

a. Nitrate of silver throws down a "white clotty precipitate of 
cyanide of silver AgCl, not altered in colour by exposure to 
light. It is readily soluble in ammonia, insoluble in cold, but 
soluble in boiling concentrated nitric acid. When washed, dried, 
and ignited in a reduction tube, it leaves a residue of metallic 
silver, and evolves cyanogen gas, which may be made to bum at 
the mouth of the tube with its peculiar rose-coloured flame. 

The white precipitates produced by nitrate of silver in ferro- 
cyanide and sulphocyanate solutions, and the brown preci- 
pitate produced in ferridcyanid& solutions are insoluble in 
nitric acid. 

/3. When a mixtiure of ordinary sulphate of iron and potash is 
added to a simple cyanide, no obvious effect is produced, but on 
acidification with hydrochloric acid the unaltered hydrates of 
iron are dissolved, and Prussian blue^ or sesquiferrocyanide of 
iron FcyCy^ is left as a deep blue precipitate. 

y. CyriBides, including cyanide of silver, when acted upon by 
yellow sulphide of ammonium, are converted into sulphocyanates 
MCySa. After evaporating to dryness to expel the excess 
of sulphide of ammonium, perchloride of iron gives a deep 
red colouration due to the production of ferric sulphocyanate 
Ffe'''(CyS2)3. '^^® ^^ colouration given by perchloride of iron 
with sulphocyanates, as well as the blue precipitates given by 
perchloride of iron with ferrocyanides, and by protosulphate of 
iron with ferrid-cyanides, are unaffected by hydrochloric acid, 
but destroyed by potash or ammonia. 

(92.) Phosphates. 

a. Sulphate of magnesium added t© a phosphate solution 
rendered alkaline by amnK)ma, and containing chloride of ammo- 
nium, produces a white crystalline precipitate of phosphate of 
magnesium and ammonimn Mg2NH4P08, readily soluble in acids. 
The formation of the precipitate ia iadlita.led V^*^ TciXi^ivsL'^ ^<^ 
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inside of the tube with a stirring rod. Chloride of barium or 
calcium produces in neutral or ammoniacal phosphate solutions a 
white precipitate of phosphate of calcium or barium,. soluble even 
in acetic acid. 

/8.' Nitrate of silver, added to a neutral or nearly neutral phos- 
phate solution, produces a yellow (under certain circumstances 
white) precipitate of jAosphate of silver Ag3P08, soluble in 
Ammonia and dilute nitric acid. 

y. Perchloride of iron produces in phosphate solutions which 
kre neutral, or acid only with acetic acid, a pale brown precipitate 
of phosphate of iron Ffe'^POg. An excess of acetate of ammo- 
nium may be added to a solution of phosphate of magnesium or 
calcium in the smallest sufficient quantity of hydrochloric acid, 
whereby the free hydrochloric is replaced by free acetic acid. 
Then, on adding a drop of perchloride of iron, a deep red 
colour, speedily changing into an opaque white cloud, is pro- 
duced. On adding more perchloride of iron gradually, until the 
liquid remains permanently red, and afterwards boiling and filter- 
ing, a colourless filtrate is obtained, free alike from phosphoric 
acid and iron, but containing chloride of calcium or magnesium. 

5. Excess of molyhdate of ammonium^ added to a phosphate 
solution containing free nitric acid, produces, either immediately 
or on gentle warming, a bright yellow precipitate of a phospho- 
molybdate of ammonium of imcertain composition. 

Except that the arseniate of silver is brick red instead of yellow 
Or white, all the above described reactions apply equally to arsenic 
and phosphoric acids. Arsenic acid may, however, be got rid of 
by treatment of its solution with sulphurous acid and sulphydric 
acid in succession, or by prolonged treatment with sulphydric acid 
alone (vide par. 71), 

(93.) Oxalates. 

Unlike most organic acids, save those which volatilise without 
decomposition, neither oxalic acid nor its salts become charred by 
the action of heat 01 strong sulphuric acid. 
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a. Oxalates soluble in water, or oxalates soluble in acid a^ttt 
the addition of acetate of ammonium, give with chloride or even 
sulphate of calcium a white precipitate of oxalate of calcium 
Ca2C408, insoluble in ammonia and in acetic acid, but soluble in 
dilute mineral acids. The precipitate is converted by ignition 
into carbonate of calcium, which dissolves in acetic acid with 
effervescenoe. 

fi. Nitrate of silver and chloride of barium give with neutral 
oxalates white precipitates of oxalate of silver Ag2C408, and 
oxalate of barium BslzC^Os, respectively, soluble in dilute nitric^ 
but insoluble or very sparingly soluble in acetic acid. By igni- 
tion the dried oxalate of silver is decomposed with a slight 
explosion, leaving a residue of metallic silver ; while the dried 
oxalate of barium is converted into carbonate. 

(94.) Tartrates. 

Tartaric acid and tartrates, when ignited, evolw a peculiar 
odour, and leave an abundant charcoal. They become blackened 
when heated with strong sulphuric acid ; whereas citric acid and 
the citrates acquire only a yellow colour. 

a. Chloride of calcium produces in neutral tartrates a white 
precipitate of tartrate of calcium Ca2H4C80,2, soluble even in 
acetic acid. On heating the washed precipitate with aqueous 
potash, filtering the mixture and boiling the filtrate, a white tur- 
bidity is produced which disappears on cooling. Chloride of 
calcium does not precipitate neutral citrates in the cold; but upon 
boiling a tewporaiy white turbidity is produced. 

/3. Nitrate of silver throws down fi:om neutral tartrates a white 
precipitate of tartrate of silver Ag2H4C80,2, soluble in dilute 
nitric acid and in ammonia, .and decomposed on boiling with 
blackening and reduction. Chloride of barium does not pre- 
cipitate tartrates in the presence of ammoniacal salts or free acid. 

y. Neutral tartrates of potassium, and of sodium and ammo- 
nium in presence of ichloride of potassium^ yii^Vd.^ csvi ^^^s^a^^ss^ 
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with acetic acid, a white crystalline precipitate of cream of 
tartar, or acid tartrate of potassium KH5C8O12, which deposits 
most readily on stirrings and is soluble in boiling water and 
mineral acids. 

(95.) Acetates. 

a. Perchloride of iron added to a neutral acetate produces 
a deep red colour, from the formation of peracetate of iron 
rfe"'(H3C404)3. The colour is destroyed on the addition of a 
mineral acid, or on boiling ; in the latter case with formation of 
an ochrey deposit. 

/3. Nitrate of silver produces in concentrated solutions* only a 
white precipitate of awetate of silver AgH3C404, soluble in hot 
water, in dilute nitric acid, and in ammonia. 

y. On warming a solid acetate, or its concentrated solution, 
with sulphuric acid, acetic acid is liberated, recognisable' by its 
well-known smell; but in presence of alcohol the fragrant vapour 
of acetic ether (04^5)1130404 is evolved. 

(96.) Benzoates. 

Benzoates evolve the characteristic smell of benzene upon 
ignition, and yield a sublimate of benzoic acid when warmed 
with strong sulphuric acid ; but in neither case do they undergo 
charring. 

a. Perchloride of iron gives with neutral benzoates a brownish- 
yellow precipitate of perbenzoate of iron rfe'"(H5C704)3, which 
dissolves completely in warm dilute hydrochloric acid, forming a 
solution from which benzoic acid crystallises out on cooling. 

p, Nitraie of silver gives a white clotty precipitate of benzoate 
of silver AgH5P704, soluble in hot water,, in dilute nitric acid, 
and in ammonia. 

(97.) Borates. 
Borate solutions have usually an alkaline reaction to test-paper. 
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Several borates are sparingly soluble, but none of them insoluble 
in water ; whence dilute solutions of borates are non-precipitable, 

a. Alcohol, added to a mixture of sulphuric acid and a borate, 
burns with a marked green flame, the colour of which is best 
brought out on stirring the burning mixture. 

/3. The solution of a borate, acidified with hydrochloric acid, 
has the property of turning turmeric paper of the brown colour 
usually caused by alkalies. Even with dilute solutions the 
colouration becomes well marked on drying the paper. The 
acidification of not too dilute borate solutions is attended witH 
the precipitation of boric or boracic acid H3BO6. 

y. Solutions of borates, if not too dilute, yield precipitates 
with nitrate of silver, chloride of barium, chloride of calcium, 
and perchloride of iron, which are all soluble in acids, and, save 
the iron compound, in solutions of ammoniacal salts. 

(98L) Fluorides. 

a. Fluorides, when gently heated with «trong sulphuric acid, 
evolv-e hydrofluoric acid vapour HF, which becomes opaque in 
modat air, and has a very pungent irritating smell. The expe- 
riment is best made in a platinum crucible, but should a test- 
tube or watch-glass be employed, its interior will afterwards 
be foimd corroded. Whea a piece of flat glass, covered with a 
layer of beeswax, through which some markings have been 
scratched, is exposed for a little while to the action of the 
vapour, the markings become permanently etched upon the glass, 
and, even if very slight, may be rendered evident by breathing 
upon its well-polished surface. 

/3. Fluorides, mixed with silica or any silicate, and warmed 
with sulphuric acid, evolve gaseous fluoride of silicon SiFj, or 
rather Si2F4, as a pungent irritating gas, rendered opaque and 
acid by moist air, in consequence of the following decomposi- 
tion: — 

SSiFa + 3HO = zHSiFa + HSiOa or HO.SiO^. 
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Fig. 38. 



Hence the wetted sur&ce of a strip of glass, dipped into the 
gas, or the moist interior of tube through which this 
is transmitted, as shown in fig. 38, soon acquires an 
opaque coating of silica. 

y. The soluble fluorides of potassium and sodium 
give with chloride of calcium or chloride of barium a 
gelatinous white precipitate, soluble in hydrochloric 
acid, slightly soluble in ammoniacal salts, and scarcely 
at all soluble in acetic acid ; though, indeed, the pre- 
cipitated fluoride of calciiun CaF, or of bariimi BaF, 
is often accompanied by some silicofluoride insoluble 
in hydrochloric acid. Fluor-spar, or native fluoride of 
calcium, is not readily soluble in hydrochloric acid, but 
an available solution may be obtained by digesting 
the finely-powdered sp^ for some time in the strong 
acid, and then boiling the mixture after dilution with 
water. 



(99.) Silicates. 

Silicates of potassium and sodium, when not containing ®^ 
excess of silica, are soluble in water, but all other silicates are 
insoluble. 

a. On acidifjdng the solution of a silicate of alkali-metal with 
hydrochloric acid complete decomposition takes place, most 
usually with precipitation of some silicic acid in the gelatinous 
form, while another portion remains dissolved in the acid liquid. 
Under certain circumstances, however, as when the silicate solu- 
tion is rather dilute, or when it is added at once to an excess of 
hydrochloric acid, there may not be any precipitation whatever. 
But in any case, upon evaporating down the clear acidified solu- 
tion, the whole of the dissolved silicic acid separates out in the 
form of silica, which, after drying, is insoluble both in acid and 
alkaline solutions. The precipitate of gelatinous silicic acid is 
readily soluble in solutions of caustic alkali, and even of carbon<» 
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•ated alkali when gently warmed therewith ; but upon drying at 
a moderate heat,it becomes hard, gritty, and insoluble. 

p. Chloride or carbonate of ammonium added to a dissolved 
silicate of alkali-metal precipitates gelatinous silicic acid, which 
separates more completely on evaporation, at the same time 
becoming anhydrous. 

7. Carbonate of sodium fused before the blowpipe on* a loop of 
platinum wire furnishes a bead which is transparent while hot, 
opaque when cold ; but a little silica added to the strongly-heated 
bead dissolves therein with effervescence, and, if in sufficient 
quantity, renders it permanently transparent. 

2. Silica, or any silicate reduced to the state of fine powder, 
^,nd mixed with three or four times its weight of carbonate of 
sodium, or of a mixture of the carbonates of sodium and potas- 
sium, is converted by fusion for a quarter of an hour or so into a 
soluble silicate of sodium or potassium, from which silicic acid or 
anhydride may be obtained and tested as above described, 

§ Vin.— SPECIAL SUBSTANCES. 

(100.) It being scarcely possible to give general rules that 
shall apply to every particular case, there yet remain for con- 
sideration certain compounds, the detection of which according to 
the directions of the preceding tables is impracticable, or difficult, 
or liable to fe,llacy. There are some few substances, for instance, 
which are insoluble in all ordinary menstrua, and which must 
consequently be submitted to special modes of treatment, so that 
they may be transformed into new and soluble combinations. 
Again, there are those compounds of barium, strontium, calciumi 
and magnesium, which are precipitated by sulphide of ammonium 
along with the members of the second group, and which are 
known by the laboratory-name of earthy salts. There are also 
the oxides or compounds without an acid, and the acids or com-r 
pounds without a base other than hydrogen, together with two or 
three miscellaneous bodies. A few remarks, moreover, ar^ 
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appended on the examination of substances in the dissolved or 
liquid condition, and on the solubility of the heavj metals in 
alkaline solutions. 

(loi.) Insoluble Compounds. 

Many substances are known which do not dissolve in water or 
in any ordinary acid, or in any combination of acids, even with 
the aid of heat. Among bodies of this class, the following are 
most likely to come under the notice of the student : namely, 
peroxide of tin ; peroxide of antimony ; chloride, bromide, and 
iodide of silver; the sulphates of barium, strontium, and perhaps 
lead ; chromic oxide ; alumina and some alumiilates ; with silica 
and some silicates. Several of these bodies may be met with in 
the soluble as well asj^the insoluble form, but the silver com- 
poimds and earthy sulphates are always alike insoluble. Sulphate 
of strontium, however, though practically insoJuble, dissolves 
sufficiently in water to form a solution in which the presence of 
eulphuric acid can be detected by the addition of a barium-salt. 
Again, sulphate of lead dissolves, though not very readily or to 
any great extent, in boiling hydrochloric acid, forming a solution 
from which chloride of lead crystallises out on cooling. For 
analytical purposes these more or less insoluble bodies may be 
classified into compounds of heavy metals easily recognisable 
before the blowpipe (a), and earthy compoimds for whose satisT 
factory identification a further examination is required (/3). . 

a. The insoluble compounds of tin, antimony, silver, and 
lead, when mixed with cyanide flux and heated on charcoal 
before the blowpipe, yield beads of metal distinguishable from 
one another by their appearance, texture, behaviour with acids^ 
and freedom from, or association with, incrustations of definite 
character (vide par. 26). The sulphuric acid of the insoluble 
lead compound may be recognised by boiling it with a solution 
of carbonate of sodium or of potassium, filtering, and testing the 
clear filtrate with nitric acid and nitrate of barium for the pre- 
sence of any alkaline sulphate resulting from the decomposition 
of the original sulphate of lead, thus :— • 
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PbS04 + NaCOa =r NaS04 + PbCOs- 

The chlorine, bromine^ or iodine of the insoluble silver com- 
pound may be detected by fusing the compoimd with a mixture 
of the carbonates of sodium and potassium in a small porcelain 
capsule or iron spoon, and treating the resulting saline mass with 
sulphuric acid and peroxide of manganese, and the solution of the 
mass with nitric acid and nitrate of silver. -By fusing the 
chloride, bromide, or iodide of silver with carbonated alkali, the 
halogen is transferred from the silver to the alkali metal, thus :— • 

AgCl + NaCO^ = NaCl + Ag + COa + O. 

Chromic oxide is known by its dull green colour, by the 
bright green colour it imparts to the borax bead, and by the 
yellow mass of alkaline chromate into which it is converted by 
fusion with a little nitre and carbonate of sodiimi. This mass 
may be dissolved in water, and to the yellow solution so formed 
the ordinary tests for chromic acid applied. 

j3. The remaining insoluble and non-reducible compoimds may 
be recognised by the following process. The substance in the 
state of a very fine powder, and mixed with three or four times 
its weight of the carbonates of sodiimi and potassium, is fused for 
some time on a platinum capsule or on platinimi foil, whereby a 
decomposition of the kind represented below is effected : — 

BaS04 + NaC03 = NaS04 + BaCOa 
Al2(Si03)3 + 3NaC03 = 3NaSi03 + AI2O3 + 3CO2. 

By boiling the fused mass in water and filtering, a clear 
solution is obtained containing a sulphate or silicate, and perhaps 
some aluminate of sodium ; while an undissolved residue is lefl 
upon the filter consisting of alumina, or of carbonate of barium or 
strontium, or possibly of the carbonate or oxide of some other 
barylous metal, originally existing in the form of a silicate or 
aluminate. This residue, after bein^ washed with water, is dis- 
solved in dilute hydrochloric acid, and the resulting solution 
tested by the usual reagents, for alumintun, barium, strontium, and 
the barylous metals generally. 
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The clear filtrate is acidified with hydrochloric acid, and a 
portion of it, refiltered if necessary from any deposit caused by 
the acidification, tested for sulphuric acid by means of nitrate or 
chloride of barimn. The remainder, whether or not turbid from 
the acidification, must be evaporated to dryness, gently heated, and 
again acted upon with hydrochloric acid and water. Any undis- 
solved gritty residue will consist of silica, which may be further 
identified by fusion with a bead of carbonate of sodium before 
the blowpipe ; while any altunina contained in the hydrochloric 
acid solution will be thrown down on neutralisation with 
ammonia. 

(102.) Earthy Salts. 

These compounds being insoluble in water are precipitated 
imchanged firom their acidulous solutions upon the addition 
thereto of any alkaline hydrate, carbonate, or sulphide ; whence 
their occurrence among members of the second group of bases. 
Perphosphate of iron, which resembles the earthy salts in the 
behaviour of its acidulous solution with alkaline hydrates and 
carbonates, may be conveniently associated with them, thus :— - 

a. Iron .... Phosphate 



Barium 
/3. Strontium 
Calcium 



Phosphate 

Oxalate 

Fluoride 

y. Magnesium . . Phosphate 

The identification of the different compounds when separated 
from one another is easily effected by the under-mentioned 
methods ; while the more diflSicult process for the detection of 
iron, calciiun, magnesium, and phosphoric acid in presence of one 
another is described in Chapter IV. 

a. In the original acid solution, iron may be detected by sul- 
phocyanate or ferridcyanide of potassium; and phosphoric 
acid by molybdate of ammoniimi and nitric acid. After any 
excess of mineral acid, more than sufficient to keep the substance 
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in solution, has been neutralised with ammonia, the addition of 
acetate of ammonium produces a buff-coloured precipitate of 
phosphate of iron, imless, indeed, the ratio of phosphoric acid to 
iron is very small. 

/3. Barium and strontium may be detected in the original 
solution by means of sulphate of potassium, and be distinguished 
by the different behaviour of their salts, with hydrofluosilicic 
acid, or before the blowpipe. Calcium may also be detected in 
the original solution by the addition thereto of sulphate of potas- 
sium and proof spirit. The precipitated sulphate of calcium may 
be collected on a filter, washed with proof spirit, dissolved in water, 
and the resulting solution tested with oxalate of ammonium. 

Phosphoric acid may be detected in the original solution by 
molybdate of ammonium and nitric acid. 

Oxalic acid may be detected by boiling the original solution 
with excess of carbonate of sodium, filtering, rendering the fil- 
trate slightly acid with acetic acid, and then adding chloride of 
calcium, when a white precipitate of oxalate of calcium will be 
produced. Or acetate of ammonium may be added to the 
original solution after any excess of acid more than suflScient to 
keep the salt in solution has been neutralised by ammonia, 
whereby a white precipitate of oxalate of calcium, strontiimi, or 
barium, will be thrown down. 

Fluorine may be detected by treating the original substance 
with sulphuric acid, or with sulphuric acid and silica (vide 
par. 98). 

y. Magnesium in any form is not precipitated by sulphate of 
potassium and proof spirit, or by acetate of ammonium, but in 
presence of phosphoric acid is thrown down firom its acidulous 
solution by excess of ammonia as a white crystalline deposit 
of triple phosphate, which may be examined microscopically, and 
if necessary be dissolved in acetic or hydrochloric acid, so as to 
form a solution that may be submitted to further examination. 
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(103.) Oxides and Sulphides. 

The oxides are generally recognised by their physical proper- 
ties, and by their not answering to the tests for any of the acids. 
Peroxides when boiled with hydrochloric acid, or with sulphuric 
acid and common salt, give off chlorine gas. The soluble hydrates 
or hydrated oxides are known by their alkalinity to test paper ; 
by their effervescing not at all, or but very slightly, upon the 
addition of an acid ; and by their giving a brown precipitate 
with solution of nitrate of silver. The solution of a hydrate is, 
moreover, distinguishable from that of a carbonate by the 
circumstance that an admixture with it of excess of chloride of 
barium does not affect its alkaline reaction. 

Such of the sulphides as are soluble only in nitro-hydro- 
chloric, or in concentrated nitric acid, become by the action of the 
acid converted into sulphates. That the sulphuric acid did not, 
however, exist in the original substance, is shown by iusing this 
latter with carbonate of sodium, when the fused mass will afford 
the reactions of a soluble sulphide instead of those of a soluble 
sidphate. Some sulphides are extremely difficult to dissolve 
completely in acid, in consequence of the deposition of sulphur, 
which fuses roimd the unaltered substance, and prevents any action 
of the acid upon it. This is particidarly the case with the sulphides 
of arsenic and mercury in their ordinary sublimed state. But 
these sulphides are easily recognised by their colour, their vola- 
tility, and by their reducibility with conversion into sublimed 
metal, when heated with soda flux, for instance. 

(104.) Acids or Salts of Hydrogen. 

The ordinary solid acids are known by their solubility in cold 

or hot water to form strongly acid liquids, which effervesce with 

alkaline carbonates, are not precipitated by the several reagents 

for the metals, and do not evolve ammonia when heated with 

caustic potash. The boric and pVios^Viom acids yield, upon 



ACIDS — MISCELLANEOUS SALTS. 1 33 

ignition, fusible resLdues of boric anhydride, and metaphosphoric 
acid, respectivelj. 

The oxalic, benzoic, tartaric, and citric acidH are entirely 
dissipated by a prolonged heat, the two last fiimishing an. inter- 
mediate product of carbon. 

The liquid acids, namely, the sulphuric, nitric, hydrochloric, 
and acetic acids, are known by their liquidity, volatility, strongly- 
marked acid reaction, and, except the sulphuric, by their charac- 
teristic odours. They give only negative results when tested for 
bases. The sulphuric and nitric acids are easily recognised by 
their respective actions on metallic copper, and hydrochloric acid 
by its action on peroxide of manganese (vide Chapter III). 

Acid salts, such, for instance, as the acid sulphates, oxalates, 
and tartrates, manifest a strongly acid reaction to test-paper, and 
effervesce with alkaline carbonates. But they either evolve 
ammonia when treated with caustic potash, or leave a fixed 
residue upon ignition, which, in the case of the acid oxalates and 
tartrates, consists of alkaline carbonate. The acid salts of potas- 
sium react with dichloride of platinum, but not with tartaric 
acid, imless previously neutralised with soda. 

(105.) Miscellaneous Salts. 

Iodide of potassium solution reacts satisfactorily when 
treated with tartaric acid, but yields a dark brown liquid with 
dichloride of platinum. But after its iodine has been precipitated 
with excess of nitrate of silver, and the excess of silver with 
hydrochloric acid, the filtered liquid yields with dichloride of 
platinum the characteristic yellow precipitate of potassio-chloride 
of platinimi. 

Calomel occurs as a heavy, white, volatile powder. It is 
readily soluble in concentrated nitric acid, but in the act of 
solution becomes converted into a mercuric salt. That it was 
originally a mercurous salt is shown by the powder itself becom- 
ing black when agitated with potash-water. 
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White precipitate, amido-chloride of mercury, or chloride 
of dimercurammonium, is a mercuric compound, readily dis- 
tinguishable from calomel by heating it gently with potash- water, 
whereby it becomes of an orange-yellow colour, while ammo- 
niacal vapours are given off. It is insoluble in water, soluble 
in nitric and hydrochloric acids, and dissipated by heat. 

The sulphides of arsenic, known as realgar and orpiment, 
are orange or yellow coloured volatile solids. When boiled with 
nitro-hydrochloric acid, they are converted in great measure into 
arsenic acid, which may be obtained solid on evaporation. Its 
solution is precipitated very slowly by sulphuretted hydrogen, 
omless previously reduced by treatment with sulphurous acid. 



(io6.) Liquid or Dissolved Substances. 

A few drops of the liquid are evaporated on a glass slip, and 
the residue, if any, examined microscopically. Shoidd there be 
an appreciable solid residue, a further quantity of liquid may 
be evaporated down in a capsule, the vapour examined for its 
odour and reaction, and the residue submitted to ignition, &c., as 
described in par. 25. 

The reaction of the liquid to test-paper is next ascertained. 
Among volatile liquids, water, alcohol, and ether are neutral; 
ammonia, alkaline ; and the sulphuric, nitric, hydrochloric, and 
acetic acids, strongly acid. These several liquids are readily 
distinguishable from one another by a few simple tests. 

Solutions which leave a saline residue on evaporation, and are 
perfectly neutral, wiU most probably prove to contain some salt 
of an alkali- or alkaline earth- metal ; salts of the heavy metals, 
with a few exceptions only, exhibitiag a more or less marked 
acidity. 

Solutions which have an aUcaline reaction, known by their 
turning rose paper green, turmeric paper brown, or reddened 
litmus paper blue, may contain the hydrate or sulphydrate of 
an alkaline earth-metal ; or the hydrate, sulphydrate, carbonate, 
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phosphate, borate, or silicate of an alkali metal ; or some heavy 
metal dissolved in excess of alkaline hydrate or carbonate (vide 
par. 107). 

Solutions which have an acid reaction, known by their redden- 
ing blue litmus paper, may contain a free acid, an acid salt, or 
the normal salt of a heavy metal, in which last case the addition 
of even a drop of potash will most probably cause a pre- 
cipitate. 

After the above preliminary examination, the solution may be 
tested according to the directions of Tables I., II., III., and V. ; 
or, in some cases, the evaporated residue may be dissolved in 
water or acid, and the solution so formed be employed by pre- 
ference. The original solvent, if suspected to be other than 
water, may be distilled off, condensed in a receiver, and separately 
examined. 

(107.) Alkaline Solutions of Heavy Metals. 

The hydrates of barium, strontium, and calcium, like those of 
the alkali metals, are soluble in water. The hydrates of all 
other metals are insoluble, and, consequently, precipitable by 
caustic alkalies. The hydrates of lead, chromium, aluminum, 
and zinc, are readily soluble in excess of potash or soda ; those 
of silver, copper, cadmium, nickel, cobalt, manganese, zinc, and 
magnesium readily, and those of chromium and iron (ferrous 
salts) sparingly soluble in excess of ammonia, especially in pre- 
sence of neutral ammoniacal salts; while those of bismuth, 
mercury, and iron (ferric salts), are insoluble in excess of either 
reagent. On boiling alkaline solutions of chromium, the whole 
of the chromic hydrate is reprecipitated. The hydrates of the 
metals tin, antimony, and arsenic, whose sulphides are soluble in 
sulphide of ammonium, have no practical interest in analysis. 
The teroxide of arsenic is slightly soluble in water, and freely 
soluble in all alkaline liquids. The hydrate of antimony and 
both hydrates of tin are soluble in excess of potash, while stannic 
hydrate is soluble also in excess of ammonia. The potash 
solution of stannous hydrate is decomposed on boiling into 
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metallic tin, which is deposited as a black powder, and stannate 
of potassium which remains dissolved. 

The precipitates produced by carbonate of ammonium in 
solutions of silver, copper, nickel, cobalt, zinc, and magnesium, 
are readily soluble in excess of the reagent, especially when 
chloride of ammonium is also present, while those of iron 
(ferrous salts) and chrome are sparingly soluble. The precipitates 
produced in solutions of cadmiimi and manganese are insoluble in 
excess, as are also all those produced in solutions of metals whose 
hydrates are insoluble in ammonia. The precipitates produced 
by fixed alkaline carbonates are all insoluble in excess, except 
that produced in stannic salts, which dissolves in excess of the 
precipitant, and is again thrown down on ebullition. 
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CHAPTER m. 

TOXICOLOGICAL CHEMISTEY. 

(108.) Fob the performance of this part of the course, the student 
■hoiild be provided in succession with the principal poisons in the 
yarious forms in which they ordinarily occur in medico-legal 
practice. He must examine each poison in the several conditions in 
which it is presented to him, and verify all its described reactions. 
The different poisons may be met with in the ordinary state in 
which they are sold; dissolved in or diluted with water; in 
various organic liquids, either the vehicles in which they were 
administered or the contents of the stomach for instance ; mixed 
with solid food ; in the tissues of different organs, more particu- 
larly the liver and kidney ; and as stains upon clothing. They 
may be roughly classified into acid poisons, including the sulphuric, 
nitric, hydrochloric and oxalic acids ; metallic poisons, including 
compounds of mercury, lead, copper, arsenic and antimony ; and 
organic poisons, including prussic acid, strychnia, and opium. 

§ I.-^ULPHTJEIC ACID. 

(109.) Concentrated. 

a. Appearance. Concentrated sulphuric acid, or oil of 
vitriol, occurs as a heavy, somewhat oily liquid, usually having 
a more or less marked brownish tint. 

/3. Volatility. A few drops of the acid, when cautiously 

L 
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heated upon a watch-glass, or on platinum foil, disappear entirely 
with the formation of opaque white acrid iumes. 

y. Heat on adm'ixture with water. Upon agitating a 
drachm or so of the strong acid with about an equal bulk of water, 
the temperature of the mixture rises very considerably, and the 
outside of the tube or other containing vessel becomes insup* 
portably hot to the hand. 

^. Charring organic matter. A piece of paper, wood, or 
sugar, dipped into the strong acid, speedily becomes blackened or 
carbonised. 

c. Evolution of sulphurous acid. Upon gently heating 
sulphuric acid in a test tube with some chips of wood, copper 
turnings, or mercury, a vapour having the peculiar suffocating 
smell of burning sulphur is evolved ; while a piece of starch- 
paper, moistened with iodic acid solution and held over the mouth 
of the tube, acquires a purple colour, which, however, the 
prolonged action of the vapour ultimately causes to disappear. 

(no.) Diluted. 

a. Acid reaction, &c. Dilute sulphuric acid is entirely 
volatilisable by heat, has a marked acid reaction to test paper, 
and dissolves a fragment of carbonate of anmionium or sodium 
with rapid effervescence. 

p. Charring after concentration. Marks upon paper 
made with the dilute acid appear simply wet, but become 
gradually black from carbonisation, on carefully drying the paper 
over a stove or gas flame. 

y. Precipitation of sulphate of barium. Solution of 
nitrate or chloride of barium throws down from dilute sulphuric 
acid a white precipitate of sulphate of barium, not affected by the 
addition of nitric or hydrochloric acid. 

B, Recognition of sulphur in precipitate. The pre- 
cipitate having been collected on a filter, is washed, dried, and 
intimately mixed with about an equal quantity of black flux. 
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The mixture is then heated to redness in a reduction tube or 
before the blowpipe, whereby a fused residue is obtained, from 
which hydrochloric acid causes an evolution of sulphuretted 
hydrogen gas, recognisable by means of lead paper, to which it 
imparts a glistening black or brown discolouration. 



(ill.) In Obganic Liquids. 

a. Sulphuric apid contained in an organic liquid, such as coffee, 
beer, or the contents of the stomach, readily manifests all the 
above described properties of the dilute acid, except that of 
volatility. Should the Kquid be viscid or turbid, it must be diluted 
freely with water or proof spirit, and strained through fine 
muslin, or, if practicable, filtered through paper, before being 
tested with the barium solution.* Although, from the adminis- 
tration of antidotes in cases of sulphuric acid poisoning, the 
contents of the stomach or vomited matters may not exhibit any, 
or only a very slight acid reaction, they may, nevertheless, yield 
an abundant precipitate of sulphate of barium. 

(ii2.) Stains on CLOTHiNa. 

a. The concentrated acid produces, upon black cloth, for 
instance, a brown stain with or without a red border ; and the 
diluted acid a red stain, gradually becoming brown. The stains 
remain moist for a long time, and in all cases the fibre becomes 
destroyed with greater or less rapidity. By treating the stained 
pieces with water, a solution of sulphuric acid is obtained, which 
manifests acidity to test paper, and yields a white precipitate with 
nitrate of barium. A portion of the stained stuff heated in a 
reduction tube evolves sulphurous acid, recognisable by its smell, 
and by its reaction upon starch paper moistened with iodic acid 
solution. 

* For certain objections to this test, sb not distinguishing snlphnric acid 
from saline sulphates, the student may consult Taylor, * On Poisons,' p. 265. 
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§ n.— NITEIC ACID. 

(113.) Concentrated. 

a. Appearance. Nitric acid when pure is colourless; but 
when co&taining peroxide of nitrogen is straw-jellow or orange, 
and sometimes even green or blue. 

/3. Volatility. The concentrated acid when exposed to the 
air at ordinary temperatures gives off colourless or orange fumes, 
having a characteristic smell, and a strongly marked acid reaction. 
A few drops of the acid heated upon a watch-glass disappear 
without leaving any residue. 

y. Action on organic matter. A strip of flannel or other 
nitrogenised organic tissue dipped into strong nitric acid becomes 
stained distinctly yellow ; the colour being rendered darker and 
browner by the subsequent action of caustic alkali. Black and 
coloxired cloths likewise become stained of a yellow colour, and 
rapidly corroded by the strong acid. 

5. Action on metals. When nitric acid is gently warmed 
in a test-tube with a drop or two of mercury or a few copper- 
turnings, violent chemical action takes place, as evidenced by the 
solution of the metal, and the copious evolution of orange-brown 
vapours which redden but do not bleach litmus paper, and 
produce a purple colouration on starch paper moistened with 
iodide of potassium. 

€. Reaction with sulphate of iron. Nitric acid added 
to a cold moderately concentrated solution of sulphate of iron, 
produces a dark greenish-brown discolouration, which disappears 
on the application of heat with evolution of orange fumes. 

f. Solutionofgold. Gold leaf is unacted upon by boiling 
nitric acid, but upon the addition thereto of a little hydrochloric 
acid it undergoes rapid solution. 

(114.) Diluted. 

a. Acid reaction, &c. Dilute nitric acid is completely 
voJatdle by heat; has a marked acid reaction ; when evaporated 
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from paper moistened with it, does not leave a black, but only a 
alightlj yellow stain ; produces upon black cloth a stain, red at 
first, but ultimately yellow ; and, if pure, gives no precipitate with 
solutions of chloride of barium and nitrate of silver respectively. 
When neutralised by the hydrate or carbonate of sodium, potas- 
sium, or barium, it is converted into a nitrate which may be ob- 
tained solid and crystalline by careful evaporation. 

(115.) Nitrates. 

a. Crystalline form. A drop or so of the aqueous solution 
of a nitrate heated slowly upon a glass plate until a solid margin 
appears round the edge of the 
liquid, yields upon cooling a well ^^8- 39 » 

crystallised residue, which may 
be examined by a pocket lens or 
the low power of a microscope. 
The potassium salt crystallises in 
long fluted six-sided prisms, the 
sodiiun salt (fig. 39), in rhombic 
plates, and the barium salt in 
octahedrons. 

/3. Deflagration with char- 
coal. A solid nitrate heated upon 
charcoal, or heated with charcoal powder on platinum foil, 
imdergoes deflagration ; while a piece of filtering paper moistened 
with the solution of a nitrate and dried, burns in the characteristic 
manner of touch paper. 

y. Evolution of peroxide of nitrogen. When a mix- 
ture of a Kttle powdered nitrate with a few copper filings is acted 
upon by sulphuric acid and gently warmed, orange-brown fiimes 
are given off*, which redden but do not bleach Ktmus paper, and 
produce a purple colouration on starch paper moistened with 
iodide of potassium. This experiment may be performed satis- 
&ctorily with less than one-tenth of a grain of nitre. 

8. Reaction with sulphate of iioii, "WViftiv ^ v3^a5asscL ^"l 
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Bulpliate of iron is poured carefully upon some sulphuric acid, to 
which a minute fragment of a nitrate has been added, or upon a 
cooled mixture of sulphuric acid with a little nitrate solution, 
a deep greenish-brown halo is produced at the junction of the 
two liquids, as shown in %. 36. This test is also extremely 
delicate. 

e. Solution of gold. Gold leaf when boiled in hydro- 
chloric acid remains unchanged, but upon the addition of a little 
nitrate becomes dissolved wholly or in part. T9 demonstrate the 
solution of the gold in the latter case, protochloride of tin may 
be added, which will give rise to a purplish precipitate or 
turbidity. 

(116.) In Organic Mixtures. 

a. Solid matters should be digested for some time in cold water, 
and the liquid filtered off. This method is applicable to stains 
on clothing, when not of too long standing. Viscid and turbid 
liquids are simply mixed with water and filtered. The suspected 
filtrate is next tested with blue litmus paper, and if found to be 
acid, neutralised carefully with a solution of carbonate or hydrate 
of sodium, evaporated down to the crystallising point, and iset 
aside. If practicable, the resulting deposit may be collected, dried 
by pressure between folds of bibulous paper, dissolved in a little 
warm water, and the solution, filtered if necessary, evaporated, and 
recrystallised. Lastly, the crystalline residue is to be examined 
microscopically, and by the several chemical tests mentioned in 
the preceding section. The acid reaction may be wanting in 
organic mixtures, through a neutralisation of the nitric acid 
originally administered. 

§ nL-HYDEOCHLOEIC ACID. 
(117.) Concentrated. 

a. Appearance. The pure solution is colourless, or of a 
jscarceJjr perceptible greenish tinge*, "but \iie cOToiaftTcial add has 
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fiequently a bright yellow colour, from the presence of perchloride 
of iron. 

/J. Volatility. At ordinary temperatures the strong acid 
evolyes colourless, almost transparent fumes, which have a marked 
acid reaction, a characteristic smell, and in common with other 
acid fumes become opaque upon admixture with ammoniacal 
vapour. The liquid acid heated on a watch-glass evaporates 
without leaving any residue. 

y. Action on organic matter. Most organic tissues are 
gradually corroded and tinged of a yellow colour by immersion 
in the strong add ; but the stains produced on black cloth are at 
first distinctly red, and after some days reddish-brown. 

8. Want of action on metals. Hydrochloric acid 
boiled with a little copper or mercury simply evaporates, leaving 
the metal unchanged, or very nearly so. 

e. Evolution of chlorine. Peroxide of manganese warmed 
with hydrochloric acid in a test tube produces an abundant 
evolution of chlorine gas, recognisable by its greenish-yellow 
colour and irritating smell. It quickly bleaches litmus paper, and 
produces a purple colouration on starch paper moistened with 
iodide of potassium. 

(118.) Diluted. 

a. Neutralisation by carbonates, &c. Dilute hydro- 
chloric acid is completely volatile, has a marked acid reaction, 
and dissolves most carbonates with effervescence, forming chlorides, 
which may be obtained in the solid state on evaporation ; the 
alkaline chlorides, and particularly chloride of sodium, crystallising 
in cubical or stauroid forms. Chlorine may be liberated from the 
evaporated residue by the action of sulphuric acid and peroxide 
of manganese. 

/3. Precipitation of chloride of silver. Solution of 
nitrate of silver added to hydrochloric acid throws down a white 
clotty precipitate of chloride of silver, which subsides readily 
after brisk agitation, and by exposure to Ught a^c^uice.^ z. ^^^ ^"c. 
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purplish colour. One portion of ihe predpitate may be treated 
with ammonia, in which it will dissolve) and another portion 
boiled with nitric acid, by which it will be unaffected, while the 
remainder may be washed, dried, and ignited in a porcelaixi oap* 
sule, when it will fuse into a homy mass, 

(119.) In Organic Liquids ob Solids. 

a. Distillation, &c. The liquid having shown 8n acid 
reaction to test paper, may be strained or filtered if necessary, 
and then distilled nearly to dryness from a retort, or a flask to 
which a cork and delivery tube have been adapted, as in flg. 40. 

Fig. 40. 




The earlier portions of the distillate are usually little else than 
water, but the later portions shoidd manifest all the properties of 
dilute hydrochloric acid. Solid substances may be digested in 
distilled water, and the resulting solution examined with test 
paper and nitrate of silver. If possible, a portion of the liquid 
should be evaporated to thorough dryness, and the dissolved 
residue again tested with nitrate of silver to ascertain the absence 
or comparative absence of metallic chlorides. 
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S 17.— OXAUC ACID. 
(i20.) Solid. 



a. Appearance, &c. Oxalic acid generally occurs is 
colourless, more or leai well-defined four-sided prisma, whicli 
disBolve readily in boiling water to form a solution having a 
marked acid readdon. 

/3. Volatility without charring. A few ctystsLi 
of the acid, when heated upon platinum foil, melt, evolve fumes, 
and disappear without leaving any carbonaceous residue. 

(121.) Dissolved. 

a. Crystalline form. One or two drops of the strongly 
acid liquid evaporated cautiously upon a glass plate until a solid 
white margin appears, yield on 
spontaneous cooling a crystalline '^ *^' 

residue of delicate, long flat prisms, 
as shown in fig. 41. 

/3. Precipitation of oxa- 
late of silver. Nitrate of 
silver produces in solution of 
oxalic acid, more abundantly after 
its neutralisation or partial neu- 
tmliaation with ammonia, an 
opaque white precipitate of oxa- 
late of rilver, which is not dis- 
coloured by ebullition, but may dissolve if the excess of oxalic 
acid be large, and is readily soluble in dilute nitric acid. The 
precipitate collected on a filter, washed, dried, and then ignited 
upon platinum foil, is dissipated with a slight esplosion, leaving an 
inconsiderable pulverulent residue of metallic silver, 

y. Precipitation of oxalate of calcium. Solu- 
tion of sulphate of calcium added &eely to aqueous oxalic acid, 
^iTowB down a white precipitate of oxalate of calcium, iiuoluble 
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in acetic, but readily soluble in dilute nitric acid. By ignition, 
the precipitate is converted into carbonate of calcium, which di»- 
soItcs in acetic add with efierveBcence. 

(izz.) In Orqakic Liquids. 
a. Reaction to test paper, &c. The acid reaction 
is very decided even when the poison exists but in very small 
proportion. It is often necessary to filter the liquid, after preriouB 
dilution with water or proof spirit, or at any rate to sixain it 
through muslin, before applying any reagent. 

(i. Precipitation of oxalate of lead. Solution of 
acetate of lead added to the strained or filtered liquid, throws down 
a precipitate of oxalate of lead, either white or diacoloured by 
the organic matter present. The addition of the reagent is to 
be continued until it no longer produces a fresh precipitate. 
This point is easily ascertained by repeatedly testing the super- 
natant liquid, which separates readily after briskly agitating the 
mixture. 

Fig.41. y. Production 

of oxalic acid. 
The above precipi- 
tate of oxalate of 
lead having been 
collected on a fil- 
ter and thoroughly 
washed, is made 
into a thin magma 
with water, and 
treated with a cur- 
rent of washed sul- 
phuretted hydrogm 
evolved from some 
such arrangement 
as that shown in 
fig. 42, until the 
imxIOax^^ «fier a^- 
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tation and standing at rest for a minute or so, smells strongly of 
the gas ; when, with or without previous warming, it is to be 
thrown on to a filter. The filtrate will be an aqueous solution 
of oxalic acid, which will yield crystals on evaporation, and 
manifest all the above-described reactions of the dissolved acid.* 

^. Production of oxalate of ammonium. Or instead 
of treating the washed precipitate of oxalate of lead with sul* 
phuretted hydrogen, it may be boiled for a short time with a 
small quantity of dilute sulphuric acid, the mixture filtered, and 
the filtrate neutralised with ammonia. The .resulting solution of 
oxalate of ammomum may be concentrated by evaporation and 
tested with nitrate of silver and sulphate of calcium, when cha- 
racteristic precipitates of the oxalates of silver and calcium 
respectively will be obtained. , 

(123.) Insoluble. 

a. Oxalic acid is sometimes met with as a calcium or mag- 
nesium salt, owing to the exhibition of chalk or magnesia as an 
antidote. The insoluble white deposit, when boiled for some 
time with carbonate of sodium, yields a solution of oxalate of 
sodium, which after filtration and careful neutralisation with dilute 
nitric acid, may be tested with nitrate of silver and sulphate of 
calcium respectively. 

; V.—CORROSIVE SUBLIMATE. 
(124.) Solid. 

a. Appearance, solubility, &c. Corrosive sublimate 
usually occurs as a heavy, white, glistening powder, turned 
black by sulphide of ammonium, yellow by potash, and scarlet 
by iodide of potassium. Boiled with a little water in a test- 
tube it undergoes speedy solution. 

* For some objections to these tests, as being also applicable to alkaline 
oxalates and vegetable decoctions containing them, the student may consult 
Taylor^ * On FoiaonB,* p. 319. 
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p. Volatility. A email portion of die powder, bcatecl 
on charcoal or platinum foil, disappears completely with prodnc- 
tion of opaque wliite Aimea. Heated in a narrow tube it yields 
a white crystalline sublimate. 

y. Metallic reduction. When a little of the powdered 
salt, mixed with three or four times ita bult of recently caluned 
carbonate of sodium, ia introduced into a tLoroughly dry reduc- 
tion tube, the mixture covered with some additional carbonate 
of sodium, and the heat of a spirit or gas-flame applied, first to 
the carbonate and then to the nuzture, Tolatilisatiou of me-. 
talJic mercnry takes place, and a sublimate of well-defined 
mercurial globules condenses in lie cold part of the tube. 

S. Detection of chlorine in residue. The 
bottom of the tube containing the fused residue having been 
snapped off at a file-mark and boiled in water, the resulting 
solution may be acidulated with nitric acid and tested with 
nitrate of silver, when a white precipitate of chloride of silver 
will be formed, itisoluble in nitric acid, but soluble in ammonia. 

(lis-) D18SOLTBD. 

a. Crystalline form. A little of the solution evapo- 
rated cautiously on a glass plate until a solid margin ap- 
pears, and set aajde to ciyatalliBe, 
*iS' +1- furnishes a residue of slender 

opaque intersecting needles (fig. 
43), which aflbrd the above-de- 
scribed reactions of the solid 

/3.Precipitation of sul- 
phide of mercury. Sulphu- 
retted hydrogen gas, or its aqueous 
solution, added to corrodve subh- 
mate solution, produces at first a 
white turbidity, gradually becom- 
ing oKtage-browa, and finally chan^g bAo a. Skqw. \Awi^o- 
cipitate of Bulphide of merciiry, wblcK Toaj diao\^ ftnLtwrd. 4aira. 
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by salpHde of ammonium. The washed precipitate is insoluble 
even in boiling nitric acid. 

y. Precipitation of hydrate of mercury. Excess 
of potash or lime water produces an orange-yellow precipitate of 
mercuric hydrate, the filtrate from which may be tested for 
chlorine by means of nitrate of sUyer and nitric acid. 

J. Precipitation of iodide of mercury. Iodide 
of potassium produces, in corrosive sublimate solution, an orange 
or scarlet precipitate of iodide of mercury, which disappears in 
excess of the precipitant, forming a colourless liquid. This re- 
action is very characteristic, though liable to be interfered with 
by the presence of yarious saline compounds. 

£. Reduction by a stannous salt. Protochloride of 
tin, added to a solution of corrosive sublimate acidulated with 
hydrochloric acid, produces at first a white precipitate of calomel, 
which, on adding more of the reagent, becomes slate- coloured, 
and finally almost black, from its conversion into metallic 
mercury. The precipitate subsides rapidly upon the applica- 
tion of heat, after which the supernatant liquid may be poured 
off*, replaced by hydrochloric acid, and heat again applied, when 
the originally bulky deposit will shrink into a few globules of 
liquid mercury having a highly characteristic aspect. 

^.Deposition on copper. A piece of thin copper 
foil or gauze immersed in the solution, previously diluted very 
considerably and acidulated with hydrochloric acid, quickly 
acquires a silver-like coating of mercury. On heating the 
washed and dried piece of coated copper in a subliming tube, 
the mercury volatilises, yielding a sublimate of metallic globules, 
while the copper resumes its original red colour. 

iy. Electrolytic test. When a few drops of the so- 
lution, preferably acidulated with hydrochloric acid, are placed 
on a sovereign or other piece of gold, and the coin touched 
through the liquid with a key or other steel instrument, a 
deposition of mercury takes place upon the gold at the point 
of contact, forming a silvery stain, which disappears upon the 
Application of heat. 
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(126.) In Organic Liquids and Solids. 

a. General processes. The strained or filtered liquid, 
acidulated with hydrochloric acid and gently warmed, may 
sometimes be treated with a solution of protochloride of tin, as 
above described ; but the electrolytic test, and especially the test 
of metallic reduction upon copper, are in most cases much to be 
preferred. It is generally sufficient to prove the presence of 
dissolved mercury in an organic liquid, without taking the 
chlorine of the salt into consideration ; but occasionally the entire 
salt may be extracted by agitating the liquid with ether, evapo- 
rating the ethereal solution, and treating the residue with water. 
Organic solids, thoroughly broken up or otherwise finely divided, 
are boiled for an hour or so with dilute hydrochloric acid, and 
the solution tested by immersing in it a piece of clean copper ; or, 
if necessary, the copper may be boiled in the liquid for a con- 
siderable length of time. 

p. Special process. After boiling the broken-up tissue 
with dilute hydrochloric acid for an hour or so as above described, 
and filtering off the acid decoction, the undissolved residue should 
be made into a thin paste with hydrochloric acid diluted with twice 
its bulk of water, and the mixture heated on a water bath. 
Then, fi-om time to time, finely powdered chlorate of potassium 
is to be added little by little until the colour of the undissolved 
substance is reduced to a pale yellow tint, when the filtered de- 
coction may be returned, the whole boiled for a few minutes, 
allowed to cool, and filtered, the filtrate evaporated to a small 
bulk, again filtered if necessary, and treated with excess of washed 
sulphuretted hydrogen gas. The resulting sulphide of mercury, 
mixed with much sulphur, may be collected on a filter, washed 
with water, dissolved in hydrochloric acid, to which a minute 
quantity of chlorate of potassium has been added, the liquid 
evaporated to diyness, the residue dissolved in water, and the 
resulting solution of mercuric chloride examined by any of the 
usual tests. This method is one of general applicability for the 
detection of metals absorbed into the tissues. The original 
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precipitate produced by Bulphuretted hydrogen may in all cases 
be dissolved in hydrochloric acid, aided by the smallest sufficient 
quantity of chlorate of potassium as above described, the result- 
ing solution treated afresh with sulphuretted hydrogen, and the 
precipitate then obtained examined for mercury, lead, copper, 
arsenic, antimony, bismuth, tin, &c. 



§ VI.— LEAD. 

(127.) Solid Compounds. 

o. Metallic reduction. Lead may be readily procured 
in the metallic state from substances containing it in moderate 
quantity. When a small portion of any lead compotmd, mixed 
with three or four times its weight of carbonate of sodium, is 
heated on charcoal in the reducing blowpipe flame, a malleable 
metallic globule is soon produced, while the charcoal receives a 
yellow incrustation. The globule may be dissolved in dilute 
nitric acid, and the liquid tests applied to the solution so formed, 

j3. Carbonate of lead. This salt occurs as an opaque 
white powder, which melts and becomes yellow when heated, is 
turned black by sulphide of ammonium, is insoluble in water, 
but dissolves in dilute nitric acid with effervescence, forming a 
solution to which the liquid tests for lead can be applied. 

y. Acetate of lead. — ^Aspect, &c. Acetate of lead 
generally occurs as a heavy crystalline powder, of a white colour, 
a peculiar sour smell, and a sweetish astringent taste. It is 
moderately soluble in distilled water, and forms a milky liquid 
with common water, contaming sulphates or carbonates. Its 
solution when evaporated upon a glass plate yields opaque white 
prismatic ciystals. 

d. Acetate of lea d. — E eactions. The salt is turned 
of a black colour by sulphide of ammonium, and of a yellow 
colour by iodide of potassium. When heated in a reduction 
tube, it melts, resolidifies, becomes dark in colour, gives out a 
smell of acetone, and leaves a carbonaceous residue containing 
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very finely divided metallic lead. When heated in a test tube 
with sulphuric acid it gives off the smell of acetic acid, convertible 
into that of acetic ether upon the addition of a little alcohoL 
Treated with solution of persulphate of iron it yields a white 
residue of sulphate of lead, and a dark red solution of peracetate 
of iron. 

(128.) Dissolved. 

a. Precipitation of Sulphide of lead. Sulphu- 
retted hydrogen gas or its solution in water, when added to any 
solution containing lead, gives a black or dark brown precipitate 
of sulphide of lead, insoluble in cold dilute hydrochloric add, 
and unaffected by sulphide of ammoniimi. But in some cases 
the precipitate comes down of a red colour, and is then turned 
black by sulphide of ammonium. 

/3. Precipitation of sulphate of lead. Dilute 
sulphuric acid produces an opaque white precipitate of sulphate 
of lead, insoluble in nitric acid, soluble in boiling hydrochloric 
acid, and in a considerable excess of potash water. The preci- 
pitate is turned black by sulphuretted hydrogen or sulphide of 
ammonium. 

y. Precipitation of iodide of lead. Iodide of 
potassium added to the lead solution, which should be free from 
any great excess of free acid or alkali, throws down a bright yellow 
precipitate of iodide of lead, soluble in hot hydrochloric acid and 
in a large excess of potash water. It is also sparingly soluble in 
boiling water, and is reprecipitated on cooling in golden scales. 

(129.) In Organic Liquids or Solids. 

a. Organic liquids. The liquid, strained or filtered if 
necessary, and acidulated with a few drops of nitric or hydro- 
chloric acid, is treated with a current of washed sulphuretted 
hydrogen, xmtil it acquires a marked smell of the gas, persistent 
after agitation. The resulting black or dark brown precipitate is 
allowed to subside, collected on a filter, thoroughly washed with 
water, and boiled, xmtil its colour is destroyed, in nitric acid 
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diluted with about four times its bulk of water. The solution 
so obtained, filtered if necessary and concentrated by evaporation, 
is then submitted to the action of the ordinary tests for dis- 
solved lead salts. 

)3. Organic solids. The tissue suspected to contain lead may 
be treated with hydrochloric acid and chlorate of potassium, as 
described in par. 1 16 /J. Or it may be dried in an oven, burnt 
in a capsule, and the resulting charcoal heated to dull redness for 
several hours xmtil a grey ash is left, which must be dissolved in 
dilute nitric acid by the aid of heat. The solution of the ash is 
then to be treated with sulphuretted hydrogen, and the black pre- 
cipitate further examined. 

§ VII.— COPPEE. 
(130.) Dissolved. 

a. Solubility, &c. Most salts of copper are soluble in 
water or dHute mineral acids, except the sulphide, which, however, 
dissolves readily in strong nitric acid. The solutions whether 
aqueous or acidulous have a decidedly blue or green colour. 

/3. Precipitation of sulphide of copper. Sulphuretted 
hydrogen or an alkaline sulphide throws down a dark brown pre- 
cipitate of sulphide of copper, which is scarcely aflfected by 
treatment with cold hydrochloric acid, but dissolves readily in 
nitric acid, is partly soluble in ordinary sulphide of ammonium, 
but insoluble in sulphide of sodium or potassium. 

y. Formation of cuprammonium salt. Am- 
monia added carefully to a cupric solution produces a bluish 
white precipitate, which dissolves in excess of the precipitant, 
forming a deep purple-blue liquid, of highly characteristic 
appearance, save when very dilute, in which case it resembles 
the similarly constituted but strong ammoniacal solution of 
nickell It is, however, distinguishable therefirom by means of 
caoBtic potash, which, unless added in very large proportion, 
does not disturb the transparency of the cuprous, but affords a 
pale green precipitate with the nickel solution. 
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5. Precipitation of ferrooyanide of copper. 
Ferrocyanide of potassium produces a gelatlaoua chocolate preci- 
pitate of ferrocyanide- of copper, insoluble in mineral acids. 
Potash changes it into a pale blue magma readily soluble in ammo- 
nia, forming a deep blue liquid. By these properties it is distin- 
guished from the similarly coloured precipitate of ferrocyanide of 
uranium. Ferrocyanide of nickel has a pale green colour. 

£. Metallic precipitation on iron. A steel needle 
or piece of polished iron wire inunersed in a feebly acidulated 
cupric solution soon acquires a coating of metallic copper, 
having its characteristic red appearance. When the proportion 
of copper is very minute, the iron should continue immersed for 
several hours. Occasionally the deposit is not sufficient in quan- 
tity to present the ordinary aspect of metallic copper, but appears 
simply brown or black. 

Z, Examination of metallic deposit. The coated wire, 
having been washed in water, is acted upon by a drop or two of 
ammonia, when by exposure to air the copper gradually dissolves 
in the ammonia, forming a deep Iblue solution, in which, after 
acidification with acetic acid, ferrocyanide of potassium causes 
a chocolate red turbidity of ferrocyanide of copper. 

17. Electrolytic test. When a few drops of an acidulated 
solution of copper are placed in a platinum capsule, and a piece of 
zinc foil introduced so as to touch the capsule through the liquid, 
metallic copper is quickly deposited upon the platinum, either 
with its characteristic appearance, or simply as a brown stain. 
The deposit can be examined with anunonia and ferrocyanide 
of potassium as above described. The process possesses no 
advantage over that with the iron wire. 

(131.) In Organic Liquids and Solids. 

a. Organic liquids. These, when containing any appreciable 
quantity of copper, have usually a more or less marked greenish 
tint. They may be acidulated with hydrochloric acid and allowed 
to act upon clean iron wire as above described ; or the filtered 
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acidulated solution may be treated with a current of sulphuretted 
hydrogen gas, and the resulting dark brown precipitate collected 
upon a filter, washed with water, and dissolyed in dilute nitric or 
in strong hydrochloric acid. The acid solution evaporated nearly 
to dryness, and diluted with water, can then be examined by 
the usual tests. 

/3. Organic solids. These, when containing copper even 
in small quantity, acquire a deep blue colour by inmiersion in 
ammonia. They may be cut into small pieces, boiled for some 
time in dilute hydrochloric acid, and the resulting liquid, after 
being concentrated by evaporation, examined with a steel needle 
or a current of sulphuretted hydrogen gas (a). Or the tissue 
may be destroyed, either with hydrochloric acid and chlorate of 
potassium, as described in par. 1 16 /S, or by incineration, as de- 
scribed in par. 1 19 /5, and the residues further examined. 

§ Vm— ARSENIC. 
(132.) Arsenious Acid or ANHYDRroE. 

a. Appearance. Commercial arsenious acid, white arsenic, 
or arsenious anhydride usually occurs as a heavy white powder, 
but may be met with in transparent vitreous masses or in opaque 
porcellanous masses, or in masses which are opaque externally 
and glassy in the centre. 

j3. Volatility. Aminutequan- Fig. 44. 

tity of the powder heated on plati- 
nimi foil volatilises entirely with 
evolution of opaque white fumes ; 
any fixed residue being due to im- 
purity, probably sulphate of cal- 
cium. A little of the powder heated 
in a subliming tube also volatilises, 
and deposits an iridescent sub- 
limate in the cool part of the tube. 
Or the volatilisation may be ef- 
fected in a short wide test tube, 
and the sublimate condensed on a flat strip of glass held over 

v 2 
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the mouth of the tube. Upon examinatioii with a lens, the 
wblimate in the tube or on the glass will be seen to consist 
chiefly of octahedral crystals, as shown in fig. 44. 

y. Action of sulphide of ammonium. When a drop or 
so of sulphide of ammonium is added to a little white arsenic 
contained in a watch glass, there is no alteration of colour pro- 
duced, but on 'applying a gentle heat, solution takes place, and 
on evaporating to dryness, a yellow film of sulphide of arsenic is 
left, soluble in alkalies, insoluble in hydrochloric acid. 

S, Solubility. Powdered white arsenic when agitated with 
water in a test tube, does not perceptibly dissolve, but remains 
partly as a film over the surface, partly in smaU aggregations at 
the bottom. This state of immiscibility, which is very cha- 
racteristic, does not disappear even on prolonged boiling. By 
filtration, however, a clear aqueous solution of arsenious acid is 
obtained. Moreover on adding a little potash or hydrochloric 
acid to the hot mixture of water and white arsenic, complete 
solution is very easily effected. 

c. Eeducibility. A minute quantity of the powder sprinkled 
Yig'S^ • upon red-hot charcoal evolves 

scarcely visible vapours having a 
peculiar garlic-like odour. When a 
little white arsenic mixed with three 
or four times its bulk of dry soda- 
flux, produced by the incineration of 
acetate of sodium with some addi- 
tional charcoal, is introduced into a 
narrow reduction tube of hard glass, 
made perfectly dry and warm, there 
is produced, on subjecting the mix- 
ture to the heat of a spirit flame, a 
sublimate of reduced arsenic which 
condensesin theuppercoolpartof the 
tube in the form of a metallic ring, 
as shown of the actual size in ^. 45. 
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Or a minute quantity of white arsenic may be placed in the re- 
duction-tube, covered with a considerable thickness of powdered 
charcoal, and heat applied from above to below, so that the ar- 
senic may volatilise through the red-hot charcoal, when a ring of 
reduced metal will appear as before. 

f. Characters of the metallic ring. The arsenical 
ring is characterised as follows :— a. By its lustrous steel grey 
appearance. Should it present an opaque brownish-black colour, 
its proper aspect may be brought out by the cautious application 
of heat, when the characteristic metallic grey ring will remain, 
and a more volatile dark-coloured compoimd of arsenic be vola- 
tilised. The interior surface of the metallic sublimate, rendered 
visible by breaking the tube, presents a crystalline appearance. 
h. By its volatility. Upon heating the sublimate to a tempera- 
ture considerably below redness, it may be readily volatilised 
from one part of the tube to another, c. By its conversion into 
arsenious anhydride. After repeated volatilisations up and down 
the tube, the ring of metal is gradually replaced by a ring of 
iridescent crystals of white arsenic, shown by a lens to consist of 
variously modified octahedrons. These may be boiled in a small 
quantity of water for some time, when a solution of arsenious 
acid will be formed, to which the ordinary liquid reagents 
can be applied, d. By its conversion into arsenic acid. The 
ring of metal, when warmed with a drop or two of nitro-muriatic 
acid, disappears, and on evaporating to dryness, a residue of 
arsenic acid is left, which may be dissolved in water, and tested 
with nitrate of silver solution, when a brick-red precipitate of 
arseniate of silver will be produced. 

(133.) Dissolved. 

a. K e a c t i o n, & c. The aqueous solution of arsenious acid 
is dear, colourless, tasteless, inodorous, and has a faintly acid 
reaction to test-paper. When evaporated upon a glass plate, it 
leaves a white residue of minute octahedral crystals, which may 
be volatilised by a further application of heat. 
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/3. Precipitation of arsenite of silver. Ammonio- 
nitrate of silver, added to aqueous arsenious add, throws down 
an opaque yellow precipitate of arsenite of silver, soluble in 
ammonia and in dilute nitric add. The reagent is made by 
adding a weak solution of ammonia drop by drop to a strong 
solution of nitrate of silver, imtil the brown predpitate at first 
produced is just redissolved. 

y. Precipitation of arsenite of copper. Ammonio- 
sulphate of copper, added to aqueous arsenious acid, produces 
a light ^een precipitate of arsenite of copper, soluble in am- 
monia and in dilute acids. When collected on a filter, washed, 
dried, and heated in a reduction tube, it yidds a crystalline sub- 
limate of arsenious anhydride. Ammonio-sulphate of copper is 
made by carefully adding ammonia drop by drop to a somewhat 
dilute solution of sulphate of copper, imtil the precipitate at 
first produced is nearly redissolved. 

3. Precipitation of trisulphide of arsenic. When 
a current of washed sulphuretted hydrogen gas is passed through 
a solution of arsenious add acidulated with hydrochloric add, 
an abimdant bright yeUow precipitate of arsenious sulphide or 
orpiment is produced. Sulphide of anmionium does not give 
any precipitate with aqueous arsenious add imtil some other 
acid is added; while sulphuretted hydrogen produces only a 
yellow discolouration. 

E, Characters of the above precipitate. The 
yellow precipitate may be collected on a filter, washed with 
water, and tested as follows. Boiled with hydrochloric acid it 
does not perceptibly dissolve, but, on the addition thereto of a 
littie nitric acid, disappears with the formation of red fiimes, a 
globule of melted sulphur firequentiy remaining undissolved. 
Treated with sulphide, hydrate, or carbonate of ammonium, it 
tmdergoes solution, and is again thrown down by the addition of 
hydrochloric acid. Dried and heated in a reduction tube it sub- 
limes imchanged or nearly so. Dried and heated in a reduction 
tube, after thorough mixture witii four or ^ye times its bulk of 
soda-fiux, it yidds a sublimate or ring of reduced metal. 



NATUBE OF MABfiH^S TEST. 



J 59 



Fig. 46. 



(134.) Marsh's Test. 

a. Natuire of process. When a substance containing 
arsenic is acted upon by nascent hydrogen, usually developed 
by the reaction of metallic zinc and dilute sulphuric or hydro- 
chloric acid, a gaseous compound of arsenic and hydrogen, 
known by the name of arsenetted hydrogen, is given off. This 
gas may be generated in any ordinary form of hydrogen-appa- 
tatus; even the adaptation to one another of a flat-bottomed 
vial, perforated cork, and piece of glass tube, either straight or 
bent, according to circumstances, and drawn out to a moderately 
fine point, will answer the pur- 
pose. The arrangement shown 
in ^g, 47 is in some cases very 
convenient ; while in others, the 
original bent tube devised by 
Marsh may be most advanta- 
geously employed. It may be 
made quite plain, as in fig. 46^ 
or be provided with a couple of 
large strong bulbs, one in the 
upper part of the long, and one 
in the lower part of the short 
limb. This short limb is fur- 
nished with a moveable stopcock, 
into which is screwed either a 
short jet, for burning the issuing 
gBB, as shown in the figure, or 
an elbow, to which a horizontal 
piece of glass tubing may be 
readily adapted. Arsenetted 
hydrogen is identified by its property of jdelding deposits of 
metallic arsenic, either upon imperfect combustion, as originally 
pointed out by Marsh, or by exposure to a dull red heat, as 
recommended by a committee of the French Academy. 
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(135.) Original Marsh's Process. 

When it is intended to obtain deposits by an imperfect com- 
bustion of the gas, Marsh's apparatus (fig. 46) is usually em- 
ployed in the following manner. The stopcock being removed, 
a piece of stout glass rod is carefully dropped into the shorter 
limb of the tube. It should be sufficiently small to reach the 
bend, but not small enough to pass into the longer limb : a glass 
stopper will often answer the purpose extremely well. Two or 
three compact lumps of metallic zinc are then let fall upon the 
piece of glass, the open stopcock replaced, and cold diluted sul- 
phuric acid, in the proportion of about one part of acid to six 
or seven of water, poured into the longer limb ; so that when 
the liquid is level in the two limbs, there may yet remain some 
little firee space beneath the stopcock. The dilute acid is allowed 
to act upon the zinc for a few minutes, and the stopcock then 
closed, whereby the shorter limb becomes gradually filled with 
hydrogen gas, the acid being gradually driven up into the longer 
limb. The stopcock is then opened, and the issuing hydrogen 
quickly inflamed. It ought to bum with a scarcely visible 
flame, which should not produce a deposit or even a discoloura- 
tion upon a piece of dean glass or porcelain momentarily de- 
pressed upon it. As soon as all the hydrogen is driven out of 
the shorter limb by the descending acid, the stopcock is reclosed 
while another accumulation of gas takes place, which is then 
released, inflamed, and examined as before. Or the issuing gas, 
without being inflamed, may be allowed to impinge on paper 
moistened with nitrate of silver solution, which should not 
thereby acquire any discolouration. When, after several exa- 
minations, the purity of the hydrogen, and consequently of the 
materials used to generate it, has been satis&ctorily ascertained, 
the arsenical liquid is introduced and the experiment repeated. 

a. Appearance of flame, &c. The hydrogen gas subse- 
quently evolved is contaminated to a greater or less extent with 
arscDetted hydrogen, and produces a metallic-looking discoloura- 
tion upon paper moistened with nitrate of silver solution. It 
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bums with a bluish flame, and evolves a white smoke of arse- 
nious anhydride. 

j3. Keactions of the smoke. The smoke or vapour 
may be tested by holding over the summit of the flame a piece of 
porcelain moistened with ammonio-nitrate of silver, when a yellow 
turbidity due to arsenite of silver will make its appearance ; or by 
enclosing the flame more than once if necessary by a short wide 
test-tube moistened on its interior with water, whereby a weak 
solution of arsenious acid will be formed, which may be tested with 
sulphuretted hydrogen, or other appropriate reagent. 

y. Formation of deposit. When a piece of clean 
glass, porcelain, or talc is momentarily depressed upon the flame so 
as to cut off" about two-thirds of its height, there is produced upon 
the cold surface a dark stain or deposit which is constituted of three 
products, in the centre of metallic arsenic, in the exterior of arse- 
nious anhydride, and in the intermediate zone of a compoimd 
considered to be a suboxide of arsenic. That the stain is really 
arsenical is shown by its possessing the following characters :— 
a. Metallic brilliancy. The lustrous appearance of the arsenical 
stain is best seen on its free surfe.ce, but is recognisable through the 
glass, b. Hair-brown colour. This colour appertains particularly 
to slight stains, and to the intermediate portion of larger stains, 
in which last it is best manifested by means of transmitted light. 
c. Volatility. The arsenical stain disappears readily on the appli- 
cation of a heat considerably below redness ; this property of vola- 
tility is very evident when the stain has been produced on a thin 
plate of talc. During its volatilisation the metallic arsenic becomes 
converted into arsenious anhydride, d. Solubility in chloride 
of lime. When the arsenical stain is warmed with a few drops of 
bleaching liquid, complete solution speedily takes place. For the 
application of this test it is convenient to produce the stain on the 
interior of a watch-glass, e. Non-solubility in cold disulphide 
of ammonium. The arsenical stain is not perceptibly affected by 
treatment with a drop of yellow sulphide of ammonium solution. 
But on heating to dryness, a bright yellow stain of orpiment ia 
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produced, containing a dark nucleus of undissolved metallic 
arsenic. (Guy.) /. Conversion into arsenic add. The aisenioal 
stain disappears completely when gently warmed with a drop 
or two of nitric or nitro-muriatio acid. By evaporating to dry- 
ness, a slight residue of arsenic acid is lefl, recognisable by its 
ready solubility in a drop of water, so as to form a solution in 
which nitrate of silver produces a brickdust-red turbidily. 



(136.) Modified Marsh's Process. 

Marsh's apparatus may also be used for generating arsenetted- 
hydrogen when it is intended to decompose the gas by extraneous 
heat. It this case the jet of the stopcock is unscrewed and 
replaced by a metal elbow, to which a horizontal piece of narrow 
hard glass tubing is adapted. But some such apparatus as that 
shown in fig. 47 is on the whole to be preferred. It consists of a 
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Fig. 47. 





small fiask furnished with a cork through which passes a long 
funnel tube, and a short wide rectangular tube, loosely plugged 
with a little cotton wool, and connected by means of a perforated 
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eoik witli a long horizontal piece of narrow hard glasa-tubing, bent 
downwards at its extremity so as to dip into a solution of nitrate 
of silrer. The apparatus is charged with pure zinc and dilute sul- 
phuric acid, so as to cause an evolution of hydrogen gas, which 
passes through the cotton wool, where it deposits any mechanical 
impurities, along the horizontal tube, and into the silver solution. 
During the transmission of the gas, the flame of a spirit lamp is 
applied steadily to some particular part of the horizontal tube, and 
if after a little time there is not produced any deposit within the 
tube, or precipitate in the silver solution, the materials are known 
to be pure, and the arsenical liquid may be introduced. 

a. Decomposition by heat. The resulting arsenetted hy- 
drogen is decomposed in its passage through the heated portion 
of the tube, and deposits a steel-grey ring of metallic arsenic at 
some little distance beyond the flame. The ring may be identi- 
fied by its appearance, its position at a littfe distance beyond the 
flame, its volatility, its conversion into arsenious anhydride by re- 
peated sublimations, and its conversion into arsenic acid by 
treatment with nitro-muriatio acid and evaporation to dryness. 

/J. Decomposition by nitrate of silver. Any 
arsenetted hydrogen that may escape decomposition by the flame, 
or that may be purposely allowed to escape, is arrested by the 
nitrate of silver solution with formation of a black deposit of 
metallic silver. On the termination of the experiment, the 
excess of silver may be precipitated with hydrochloric acid, the 
filtrate evaporated to dryness, and the residue of arsenic acid dis- 
solved in water and tested with the usual reagents. 

(137.) Eeinsch's Test. 

This test is particularly useful for the detection of arsenic in 
organic liquids or solids. The suspected liquid is simply acidu- 
lated with about one-eighth of its bulk of pure hydrochloric acid, 
and boiled. The solid tissue is cut up into very smaU pieces and 
boiled for some time in a mixture of about one part of hydro- 
chloric acid with six of water. 
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a. Deposit on copper. A small piece of dean copper 
foil, or preferably of fine gauze, is introduced into the hot acidu- 
lated liquid, and the boiling continued for a period varying from 
a few minutes to a quarter of an hour or longer. Should the 
copper acquire a grey metallic discolouration, other pieces thereof 
may be added from time to time, and the supply continued so 
long as the last added piece assumes any perceptible alteration 
in colour. 

j3. Character of deposit. The pieces of coated foil 
or gauze are removed from the liquid, washed in water, and dried 
between folds of bibulous paper. The deposit unless very thick 
adheres firmly to the subjacent copper, presents a well-marked 
metallic lustre, and has a dark steel-grey colour, or, if very thin, 
a somewhat bluish tint. On the application of heat it disappears 
entirely, while the copper resumes its ordinary appearance. 

y. Crystalline sublimate.' A piece of the coated cop- 
per, held between the fingers, is warmed over a flame, coiled up into 
a small bulk, and introduced into an ordinary reduction tube 
(fig. 45 .) The heat of a small spirit flame is then carefuUy applied, 
at first a little above the coil, and afl;erwards to the coil itself, 
whereby the arsenic is volatilised, oxidised, and condensed in the 
cool part of the tube as a crystalline sublimate. If necessary, 
several pieces of coated copper may be thus heated successively in 
the same tube until a suflSciently obvious sublimate of arsenious 
anhydride is produced, which, when examined by a lens or the low 
power of a microscope, will exhibit highly iridescent octahedral 
forms. A small piece of tubing open at both ends, one of 
which is drawn out to a long, almost capillary, termination, as 

Fig. 48. 




shown in ^g, 48, is convenient for volatilising a very slight de- 
posit. The coated foil having been introduced and tilted down 
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to the shoulder, the tube is sealed by the blowpipe at the point a, 
and the resulting cylindrical bulb containing the foil heated in a 
spirit-flame, from its capillary shoulder backwards to its sealed 
extremity, whereby a crystalline ring becomes condensed in the 
capillary projection at b. 

L Eeactions of the sublimate. By means of a 
couple of file-marks, the short length of tubing containing the 
sublimate may be broken off from the two ends of the tube, and 
the sublimate itself be acted upon by reagents. Moistened with 
sulphide of ammonium solution and dried in a water-bath, it 
3delds a yellow residue of orpiment. Moistened with a mixture 
of nitric and a littie hydrochloric acid and evaporated to dryness, 
it leaves a slight residue of arsenic acid, which produces a red 
turbidity when treated with a drop of nitrate of silver solution. 

(138.) Impediments to Eeinsch's Test. 

a. Influence of oxygenants. Reinsch's process is not 
applicable in the presence of oxidising bodies, which moreover 
enable dilute hydrochloric acid to dissolve metallic copper. But 
the majority of such compoimds may be reduced by the action 
of sulphite of sodium upon the acidified liquid, while any excess 
of sulphurous acid from the decomposition of the salt may be got 
rid of by ebullition before introducing the foil or gauze. 

/3. Purity of the acid. This may be ascertained by 
diluting a sufiicient quantity of the hydrochloric acid with about 
four times its bulk of water, and boiling a very small piece of 
foil or gauze in the diluted liquid for a period of twenty minutes 
or half an hour. 

y. Purity of the copper. As even in the most satisfiic- 
toiy performance of Reinsch's test, there is always some, although 
but an extremely minute quantity of the copper dissolved, and 
as commercial copper is rarely quite free from arsenic, it is 
important that the foil or gauze employed in the experiment 
should be specially tested as to its purity. If, however, the 
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solution of four or five grains of the coppctr does not yield any 
evidence of arsenic, the metal is quite pure enough &>r the 
purpose, even though a trace of arsenic should be detected in a 
larger qnantitj of it. A few grains of the copper cut into fine 
pieces are placed in a small tube-retort, or in a bulb-tube, such 
as that shown in ^g, 14, with not less than twice their weight 
of precipitated peroxide of iron, and an excess of hydrochloric 
acid. The mixture is then distilled to dryness, great care being 
taken at the last to prevent spurting. Any arsenic originally 
contained in the copper is in this manner carried over in the form 
of chloride of arsenic, and may be condensed in a little water 
widx the excess of aqueous hydrochloric acid. The resulting 
liquid may then be tested for the presence of arsenic by boiling in 
it a jfresh piece of clean copper gauze or foil. 

c. Modified processes. The peroxide of iron mentioned 
above may be replaced by an equivalent quantity of perchloride 
of iron. Indeed it is better to dissolve the peroxide in excess of 
hydrochloric acid, and then employ the residue left on evaporating 
to dryness, which will be fcee fi-om any trace of arsenic the 
peroxide itself may have originally contained. Moreover, oxide 
or chloride of copper may be substituted for the peroxide or 
perchloride of iron, though not with advantage. Or the copper 
may be dissolved in hydrochloric acid alone, without the addition 
of any special oxygenant, by moistening the metal with the acid 
and exposing both to the air for several days. The addition of 
a few drops of a solution of perchloride of iron or chloride of 
copper to the acid greatly fiicilitates this solution by exposure 
to air. The hydrochloric solution, no matter how obtained, is 
eventually distilled to dryness, and the distillate tested for arsenic. 

(139.) Other Forms of Arsenic. 

a. Orpiment and realgar. These sulphides of arsenic 
are yellow or orange coloured compoimds, which volatilise im- 
changed upon the application of heat. Mixed with soda flux and 
heated in reduction tubes, they give rise to sublimates of metallic 
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arsenic ; and tbe residues, when moistened with hydrochloric acid, 
evolve sulphuretted hydrogen, recognisable by its smell and action 
on lead paper. Orpiment and realgar are not dissolved by boil- 
ing hydrochloric acid, but disappear more or less completely in 
nitro-hydrochloric acid, forming solutions from which arsenic 
acid may be obtained by evaporating to dryness. They also 
dissolve in sulphide of anmionium, and are redeposited on 
evaporating the liquid to dryness. 

p. Scheele's green. This well-known green pigment is 
an impure arsenite of copper. Heated in a reduction tube, it 
yields a crystalline sublimate of arsenious anhydride, and a black 
residue of oxide of copper, which may be dissolved in hydro- 
chloric acid, and tested by the usual reagents. Arsenite of 
copper dissolves in dilute hydrochloric acid, forming a solution 
in which, after precipitation of the copper by excess of oxalate 
of ammonium, arsenic may be detected by sulphuretted hydro- 
gen, or by Marsh's or Eeinsch's tests. 

(140.) In Organic Mixtures. 

o. A hydrochloric acid decoction may be prepared as already 
described and tested by Eeinsch's process. Or the organic sub- 
stance may be distilled to dryness with hydrochloric acid, the 
residue redistilled with fresh hydrochloric acid, the two distillates 
collected in water, and the product examined by sulphuretted 
hydrogen, or by Marsh's or Eeinsch's process. Or the tissue, 
&c., may be destroyed with hydrochloric acid and chlorate of 
potassium, the solution submitted to the prolonged action of 
sulphuretted hydrogen, and the resulting precipitate ftirther 
examined (vide par. ii6/3). 

§ IX. ANTIMONY. 

(141.) Antimonial Salts. 

o. Tartar emetic. This compoimd usually occurs as a white 
powder, or in ill-defined crystalline masses. It becomes charred 
by heat, and when ignited with a little carbonate of sodium on 
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Fig. 49. 




charcoal before the blow-pipe, pelds a bead of brittle metal and 
an abundant white incrustation. It is turned of an orange colour, 
and finally dissolved by sulphide of ammonium. Its solution in 
water when carefully evaporated 
yields tetrahedral crystals (fig. 49), 
and when acidified by nitric or hy- 
drochloric acid, furnishes a white 
precipitate soluble in excess of 
either acid. 

/3. Chloride of antimony. 
This is a highly corrosive 
fuming liquid, usually having a 
yellow or orange colour from the 
presence of chloride of iron. 
Poured into water, it gives rise to 
an abundant white precipitate, which, after thorough washing with 
water, is turned of an orange colour and finally dissolved by 
sulphide of ammonium. The precipitate is also readily soluble 
in tartaric acid. Mixed with carbonate of sodium and heated 
on charcoal before the blowpipe, it yields a bead of brittle metal 
and an abundant white incrustation. 

(142.) In Solution. 

o. Precipitation of trisulphide of antimony. 
A current of sulphuretted hydrogen gas passed into an antimonial 
solution acidified with tartaric acid, throws down an orange pre- 
cipitate, which, afler washing with water, is insoluble in carbonate, 
but soluble in sulphide of ammoniimi, forming a solution fi*om 
which it may be reprecipitated on the addition of an acid. 

/3. Precipitation of oxichloride of antimony. 
Precipitated trisulphide of antimony dissolves completely in hot 
hydrochloric acid with evolution of sulphuretted hydrogen gas* 
The resulting trichloride of antimony, fireed firom excess of hydro- 
chloric acid by evaporation to a small bulk, gives when poured 
into water an abimdant white precipitate of oxichloride of anti- 
mony, soluble in tartaric acid. 
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y. Metallic precipitation on tin. A piece of tin 
foil or bar immersed in the above tartaric acid solution, becomes 
speedily corered with a pulverulent black deposit of metallic 
antimony. 

(143.) Mabsh*8 Test. 

The antimonial solution, acidulated with tartaric acid, may be 
introduced into the original or modified form of Marsh's appa- 
ratus, previously charged with pure zinc and dilute sulphuric 
acid, and the resulting gas examined as follows : — 

a. Appearance of flame, &c. Hydrogen contaminated 
with antimonetted hydrogen produces a black discolouration on 
paper moistened with nitrate of silver solution. It bums with 
an opaque bluish white fiame, and evolves a white smoke of ter- 
oxide of antimony, which, imlike the arsenical smoke, does not 
produce a yellow turbidity with ammonio-nitrate of silver. 

j3. Characters of deposit. When a piece of talc, 
porcelain, or glass is depressed upon the fiame, a dark stain or 
deposit is produced, distinguishable fix)m the arsenical stain by 
the following properties : — a, by its comparative want of metallic 
lustre; 5, by its smoky black colour; c, by its non- volatility 
save at a heat approaching redness; dy by its insolubility in 
chloride of lime ; e, by its ready solubility in yellow sulphide of 
ammonium, so as to form a solution which on evaporation to dry- 
ness leaves a bright orange stain ; and /, by its yielding after 
treatment with nitro-muriatic acid and evaporation to dryness, a 
residue which does not give a red precipitate with nitrate of silver 
solution. 

y. Decomposition by heat. Instead of burning the 
antimonetted hydrogen, it may be transmitted through a tube 
heated to redness, and finally through a solution of nitrate of 
silver. The deposit of antimony produced in the tube is charac- 
terised by its position, just before and beyond the exact spot 
where the heat is applied, by its want of volatility, by its non- 

N 
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convertibility into arsenious Mihydride or arsenic acid, and by its 
ready solubility in yellow sulphide of ammonium to form a solu- 
tion which leaves a bright orange stain on evaporation. 

5. Eeaction with nitrate of silver. Antimonetted 
hydrogen produces in nitrate of silver solution a black deposit of 
antimonide of sHver, from which, ailer washing with water, the 
antimony may be dissolved away by a boiling solution of cream 
of tartar, and precipitated from the resulting solution by sulphu- 
retted hydrogen. 

(144.) Reinsch*s Test. 

a. Deposit on copper. The deposition of antimony 
upon copper foil or gauze boiled in a hydrochloric acid decoction 
of organic matter contaminated with antimony, or in a weak 
acidulated solution of some antimonial salt, takes place exactly as 
does the deposition of arsenic imder similar circumstances. The 
highly lustrous deposit of antimony differs from that of arsenic 
in having a marked violet colour, and in being less easily dissipated 
by heat. When a piece of the coated foil or gauze is strongly 
heated in a reduction tube, it either does not afford any sublimate 
at all, or else a very slight white deposit situated close to the 
heated end of the tube, not having a crystalline character, and 
being practically non- volatile. 

/3. Solution of deposit. When boiled for a few minutes 
in a weak feebly alkaline solution of permanganate of potassium, 
the antimonial coating is dissolved away from the copper, while 
the permanganate loses its colour and frimishes a slight turbidity 
of manganic hydrate. The filtered liquid acidulated with hydro- 
chloric acid and treated with sulphuretted hydrogen, acquires a 
yellowish colour, and on standing deposits an orange precipitate, 
which may be iurther examined if necessary. Or, if the anti- 
monial coating be not very thick, it will suffice to boil the copper 
for some time, with frequent exposure of its surface to the air, in 
a weak solution of caustic potash only, and to treat the resulting 
liquid, after acidification by hydrochloric acid, with sulphuretted 
Jbj-drogen. 
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(145.) In Organic Mixtures. 

The processes of precipitation by sulphuretted hydrogen and 
deposition on copper, are perfectly applicable to acidified organic 
liquids, and to the hydrochloric acid decoctions of organic 
tissues. Or the tissue may be destroyed by hydrochloric acid 
and chlorate of potassium, the solution after evaporation treated 
by sulphuretted hydrogen, the resulting precipitate dissolved in 
boiling hydrochloric acid, and the solution so formed tested in 
Marsh's apparatus, or by the process of Eeinsch. 

§ X.— PEUSSIC ACn). 
(146.) In Aqueous Solution. 

a. Appearance, &c. Prussic or hydrocyanic acid C2NH, 
occurs in the state of aqueous solution as a colourless, perfectly 
volatile, feebly acid, mobile liquid. Its vapour, which is given 
off at all ordinary temperatures, is invisible, has an odour said 
to be like that of bitter ahnonds, and when inspired even in 
. minute quantity causes a peculiar sensation in the &uces. 

/3. Formation of Prussian blue. The turbid greenish 
liquid made by adding excess of potash to solution of ordinary 
sulphate of iron, does not imdergo any visible alteration when 
mixed with aqueous prussic acid, but on acidifying the mixture 
with hydrochloric acid a bright blue, or sometimes a greenish 
blue colour is developed, due to the production of finely divided 
Prussian blue, which gradually separates as a distinct precipitate. 
Or the potash and sulphate of iron may be added separately to 
the suspected liquid, and the mixture be afterwards acidulated 
with hydrochloric acid. 

•/.Formation of sulphocyanate of iron. Aqueous 

prussic acid, mixed with a drop or two of yellow sulphide of 

amimonium solution and evaporated to dryness at a low tem- 

. perature, leaves a residue of sulphocyanate of ammonium, which, 

when moistened with water and tested with a drop of per- 
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chloride of iron, produces a dark-red solution of persulphocyanate 
of iron. 

5. Formation of cyanide of silver. Solution of 
nitrate of silyer added to aqueous prussic acid throws down a 
white precipitate of cyanide of silver, which quickly subsides 
after agitation. It is not affected by cold nitric acid, but when 
separated from the supernatant liquid dissolves more or less 
completely in the strong boiling acid. The precipitate collected 
on a filter, washed, dried, and heated in a reduction tube, evolves 
cyanogen gas, which if ignited at the mouth of the tube, wiU 
burn with its peculiar rose-coloured fiame. 

€. Decompositions of precipitate. The precipi- 
tate treated with hydrochloric acid evolves prussic acid vapour, 
which may be received on the interior of a watch-glass mois- 
tened either with yellow sulphide of ammoniimi, or with a 
mixture of potash and sulphate of iron, as described under the 
head of the vapour reactions. Or a portion of the precipitate 
may be treated with a drop of yellow sulphide of ammonium, 
dried at a low temperature, and the residue, after being mois- 
tened with water, tested by a drop of perchloride of iron, when a 
dark red liquid will be produced, easily distinguishable from the 
black precipitate of sulphide of silver. Or a portion of the pre- 
cipitate may be treated first with potash, then with a drop of 
sulphate of iron, and lastly with a little hydrochloric acid, when 
Prussian blue will be formed, together with white chloride of 
silver. 

(147.) In Vapourous State. 

The succeeding tests may be applied to the vapour of the pure 
liquid acid, or to the vapour produced by the action of hydro- 
chloric acid upon precipitated cyanide of silver, or to the vapour 
evolved spontaneously from organic liquids or solids containing 
prussic acid. Organic substances which do not react aatis&c- 
torily with these vapour tests may be distilled in a water bath, 
and the distillate treated similarly to the pure aqueous acid as 
above described. 
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a. Formation of Prussian blue. When a mixture of 
potash and sulphate of iron, smeared upon the interior of a watch- 
glass, or preferably on a flat glass slip 
(fig. 50), is exposed for a few minutes ^^^^^^ 
to the action of prussic acid vapour, 
there is produced on acidification with 
hydrochloric acid, a solution of the iron 
magma and development of Prussian 
blue. 

/3. Formation of sulphocyanate 
of iron. A drop of yellow sulphide 
of ammonium placed on a watch-glass or glass slip and exposed 
for a short time to the action of prussic acid vapour, yields, when 
evaporated to dryness at a low temperature, a residue of sulpho- 
cyanate of ammonium, which produces a dark red colour, on the 
addition of perchloride of iron. 

7. Formation of cyanide of silver. A drop of nitrate 
of silver, placed on a watch-glass or glass slip and exposed to the 
action of the vapour, becomes white and opaque firom the forma- 
tion of cyanide of silver, convertible into Prussian blue, or 
sulphocyanate of iron, as previously described. 

When the prussic acid vapour firom some organic mixture is 
contaminated with sulphuretted hydrogen, it produces a blacken- 
ing of the silver salt ; but no interference with the sulphocyanate 
reaction is manifested imder the same circumstances. 



§ XI. —STRYCHNIA. 

(148). In Pure State. 

* 

a. Nature, solubility, &c. Strychnia is a vegetable alka- 
loid, having the formula C42H22N2O4. It is more or less fi-eely 
soluble in alcohol, chloroform, benzole, and ether ; scarcely at all 
soluble in pure water ; but readily soluble in acidulated water. 
It is capable of imiting with and neutralising acids, to form 
definite crystallizable salts, of which the sulphate, nitrate, hydro- 
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chlorate, oxalate, tartrate, and acetate are soluble in water. 
Most other strychnia compounds are more or less insoluble, 
whence solutions of strychnia salts are precipitated by a very 
great number of reagents, including hydrate, carbonate, iodide, 
sulphocyanate and chromate of potassium, carbazotic acid, 
phospho-molybdate of sodium, iodide of potassium with iodine, 
potash double iodide of mercury and potassium, dichloride of 
platinum, trichloride of gold, &c. 

/(3. Appearance. Strychnia usually occurs in the form of a 
crystalline powder, or of well defined prismatic crystals, either 
white, or of a pale buff colour. The ordinary salts of strychnia 
are generally met with as crystalline powders. Strychnia and its 
salts when heated, melt, burn with a smoky fiame, and leave a 
carbonaceous residue. 

y. Bitter taste. The bitterness of strychnia is peculiar, 
and has been sometimes spoken of as metallic. Its intensity is 
so great, that one drop of a gallon of water, in which a grain of 
stiychnia is dissolved, presents a recognisable bitter taste ; while 
with £^ part of strychnia in solution, the bitterness is well 
marked and persistent. The taste of strychnia salts is but 
slightly less intense than that of the alkaloid itself. In very 
dilute solutions only is the bitterness capable of partial conceal- 
ment by other sapid bodies. 

^. Crystalline form. A drop or so of a spirituous or ethe- 
real solution of strychnia allowed to evaporate spontaneously on a 
glass slip, furnishes a crystalline residue consisting of rectangular 
prisms often terminated by double or single oblique planes, and 
in variously modified octahedra, as shown in fig. 51. The 
forms deposited from a chloroformic solution are, for the most 
part, not well characterised. 

£. Precipitation. Aqueous sol ntions of strychnia salts, con- 
taining from ^ to — part of strychnia, are precipitated by 
the several reagents mentioned above, either immediately or 
on stirring ; the most delicate though least characteristic preci- 
pitants being the phospho-molybdate of sodium, and the potash 
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Fig. 51. 




solution of hydrargyro-iodide of potassium. Hydrate or carbo- 
nate of potassium causes a gradual deposition of well defined 
strychnia crystals, insoluble in ex- 
cess of the precipitant (fig. 51). 
The precipitates thrown down by 
iodide, sulphocyanate, and chromate 
of potassium, carbazotic acid, and 
the chlorides of platinum and gold, 
are also crystalline. 

Z. Action of acids. Strong 
sulphuric acid is without action on 
strychnia, even at and above the 
temperature of boiling water. Strong 
nitric acid usually produces a yellow, or yellow-brown, dis- 
colouration; but is said to be without visible action on perfectly 
pure strychnia, although this seems doubtful. 

17. Colour tests. When a little peroxide of lead is added 
to a fragment of strychnia, dissolved in a drop of strong sul- 
phuric acid mixed with ^ of its bulk of strong nitric acid ; or 
preferably, when a little peroxide of manganese, or bichromate, or 
ferridcyanide, or permanganate of potassium, is added to a frag- 
ment of strychnia dissolved in a drop of strong sulphuric acid, 
there is produced a magnificent purple-blue colour, becoming 
gradually crimson, and finally reddish pink. The delicacy of this 
test, when special precautions are taken, is almost illimitable, less 
than j~^ of a grain having been stated to give the reaction. 
With from -^ to j^ of a grain it is easily obtainable. In 
operating on small quantities, the following plan may be adopted 
with advantage. The dry strychnia, usually tiie residue of an 
evaporation, in which case it must be allowed to become quite 
cold, is moistened with the smallest sufficient quantity of strong 
sulphiuric acid. By the side of it is next placed a minute drop 
of a mixtiure of sulphuric acid with a little very finely-powdered 
amorphous peroxide of manganese, and the two then brought 
into contact. The experiment should be made on a surface of 
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white porcelain, or on a flat watch-glass or glass slip, resting on a 
sheet of white paper. 

0, Physiological test. When a minute quantity of solid 
or dissolved strychnia is introduced underneath the incised skin 
of a small frog, well-marked tetanic convulsions are manifested 
by the animal, usually within a quarter of an hour ; and with a 
strong dose almost immediately. This tetanus is said to have 
been produced with so small a quantity as —^ of a grain of 
strychnia ; but the delicacy of the test varies much with the state 
of the animal, freshly caught yoimg frogs being the most excitable. 

(149.) In Organic Mixtures. 

a. If a liquid, it is merely acidified, mixed in some cases with 
a little spirit of wine, filtered, evaporated nearly to dryness, and 
the residue extracted with strong alcohol. If a solid, it is brought 
into a state of fine division, and mixed with a little proof spirit 
acidulated with dilute sulphuric or other acid, acetic, oxalic, tar- 
taric, &c. After digestion for some time in a water bath, the mix- 
ture is filtered, the insoluble matters washed with proof spirit, the 
washings added to the filtrate, the whole of the clear liquid 
evaporated down to a small bulk, and the residue so obtained 
extracted with strong alcohol. The alcoholic solution is then 
evaporated to dr3mes8, the residue dissolved in a little water, the 
liquid filtered into a long tube or bottle, and rendered alkaline 
with carbonate of potassium. Two or three times its volume of 
ether are next added, and the whole shaken up briskly for some 
time. After subsidence, the ethereal solution is poiured off, and 
allowed to evaporate spontaneously, whereby a residue is left of 
more or less well crystallised strychnia. This may be further 
purified by moistening it with strong sulphuric acid, and heating 
it for some time in a water bath, then diluting with water, 
supersaturating the acid liquid with potash, again extracting with 
ether, and evaporating. The final product may be examined 
under the microscope, by the colour and physiological tests, and 
bjr the tongue. In the above proceaa, cloloxofoTm or benzole may 
be substituted for the ether. 
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§ Xn.— MORPHIA. 
(150.) In Pure State. 

a. Nature, solubility, &c. Morphia is a vegetable 
alkaloid, having the formula C34H19NO6. It neutralises acids to 
form salts, one of which, the meconate of morphia, exists largely 
in opium, and is the source from which the alkaloid is obtained. 
Morphia is readily soluble in alcohol, very sparingly soluble in 
ether, and almost insoluble in water, save in the presence of 
acids. Its ordinary salts dissolve readily in water to form solu- 
tions, which are precipitable by a great number of reagents, 
including most of those which precipitate strychnia. Solutions 
of morphia and its salts have a well marked bitter taste. 

j3. Appearance, &c. Morphia is usually met with in the 
state of acetate or hydrochlorate, which salts sometimes occur 
finely crystallised, but more often as imperfectly crystalline pow- 
ders of a buff-tinted white colour. The alkaloid itself occurs 
in quadrangular prisms, frequently having two opposite edges 
truncated so as to produce hexagonal forms. Morphia and its 
salts when heated, melt, bum with 
a smoky flame, and leave a carbo- ^^' ^** 

naceous residue. 

y. Crystalline form. Mor- 
phia, when deposited by the spon- 
taneous evaporation of its alcoholic 
or ethereal solution, or when slowly 
precipitated by caustic or carbona- 
ted alkalies from aqueous solutions 
of its salts, occurs in the form of va- 
riously modified prismatic crystals, 
as shown in fig. 52. 

3. Precipitation by potash. A single drop of potash 
added to the somewhat concentrated solution of & irLOY^la.v&. ^sJa.^ 
produces after aome time, or on brisk atinm^^^ii '<w\5i\.%^x^^"^^JMbX'^ 
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of morphia, very soluble in excess of the precipitant, but repro- 
ducible by an absorption of carbonic acid from the air. 

£. Colouration by nitric acid. Strong colourless 
nitric acid added, in considerable quantity, to the cold solution 
of a morphia salt, produces a deep orange-red colouration. Or a 
drop or two of the acid may be added to a little powdered 
morphia or piorphia salt, on a watch-glass or capsule, when an 
intense colouration will be at once developed. But the behaviour 
is not peculiar to morphia. 

i. Colouration by a persalt of iron. A drop or 
two of a carefully neutralised solution of perchloride of iron, 
added to a morphia . solution, or to the dry alkaloid or salt, 
produces a deep blue colour, rendered bluish green by any excess 
of the iron solution. 

rj. Decomposition of iodic acid. A few drops of 
aqueous iodic acid produce, in solutions of morphia, a brown 
discolouration, only in part due to the liberation of iodine. 
Ammonia, added after a little while, deepens the colour con- 
siderably. A piece of starched paper, dipped into the coloured 
liquid before it has been treated with ammonia, acquires a 
purple colour, save when the quantity of the alkaloid is very 
small. 

0. Eeduction of bichromate of potassium. 
Strong sulphuric acid produces no colouration with morphia 
salts or solutions. But a little bichromate of potassium solution 
dropped carefully on to the sulphuric acid mixture is quickly 
reduced with production of a bright green colour. 



(151.) Opiate Liquids. 

In the examination of liquids supposed to contain opiiun, the 
presence of both morphia and meconic acid is usually sought for. 
The last named body is not indeed poisonous, but is character- 
istic of opium, and possessed of well marked properties. 
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o. Preliminary test for morphia with nitric 
acid. Strong nitric acid, added in considerable quantity to an 
opiate liquid, will often produce a very perceptible darkening or 
eyen a distinct orange-red colouration. If necessary, the original 
liquid may have its colour reduced by moderate dilution with 
water before the addition of the acid. 

• /3. Preliminary test for meconic acid with 
perchloride of iron. To the opiate solution reduced to 
a pale colour by dilution with even a very large proportion of 
water, a few drops of perchloride of iron are added, when, if 
meconic acid be present even in small quantity, a distinct red- 
dening of the liquid will be produced. 

y. Precipitation of meconate of lead. The opiate 
liquid acidulated with acetic acid, is treated with acetate of lead, 
so long as a precipitate continues to be produced, when the whole 
is well agitated, and after partial subsidence, thrown upon a wet 
filter. Meconate of lead remains as an insoluble deposit on the 
paper, while the filtrate contains acetate of morphia, together 
with the excess of acetate of lead. 

5. Production of meconic acid from precipitate. 
The precipitate having been thoroughly washed with water, is 
boiled for some minutes with a small quantity of dilute sulphuric 
acid, and the mixture thrown upon a filter, whereby a solution of 
meconic acid is obtained. Or the washed precipitate suspended in 
a little water may be treated with excess of sulphuretted hydrogen 
gas, and the clear liquid filtered off, and gently evaporated. 

£. Test for meconic acid by persalt of iron. The 
filtrate produced by either of the above means is then tested witli 
a few drops of perchloride of iron, which should produce a dark 
logwood red colour, through the formation of meconate of iron. 
The red liquid does not alter its colour on boiling, in which 
respect it differs firom the similarly coloured solution of peracetate 
of iron, neither is it bleached by treatment with corrosive sub- 
limate, in which respect it differs firom the similarly coloured 
solution of sulphocyanate of iron. 
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(. Separation of morphia. Through the liquid filtered 
from the precipitate of meconate of lead, but having more or less 
acetate of lead in solution, a current of washed sulphuretted 
hydrogen is passed, imtil the smell of the gas is persistent even 
after agitation, when the whole is thrown upon a filter. The 
clear filtrate containing acetate of morphia, is evaporated down 
to a small bidk, supersaturated with carbonate of potassium, and 
agitated with an ethereal solution of acetic ether. After subsi- 
dence, the ethereal solution is poured off and allowed to evapo- 
rate spontaneously, when there is left a residue of morphia in 
more or less well defined crystals, *to which the several tests for 
the alkaloid can be successfully applied. 
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CHAPTER IV. 
ANIMAL CHEMISTEY. 



I L— COMPOSITION OF TISSUES, &c. 
(152). Organic and Mineral CoNSTiruENTS. 

a. The animal fluids and tissues consist of water together with 
a certain amount of solid matter. When an animal tissue or 
fluid is kept for some time at, or a little above, the temperature 
of boiling water, its aqueous portion evaporates off more or less 
completely, leaving the dry solids behind. This residuum when 
heated upon platinum foil, undergoes combustion ; some of its 
constituents are dissipated, and a black carbonaceous mass 
remains. If this carbonaceous residue be further heated for some 
time, especially in a current of air, the black colour will gradually 
disappear, and a white ash, fusible or infusible according to cir- 
cumstances, will be lefl; upon the foil. The components of dried 
animal matter are thus separated into two classes ; one comprising 
the substances which are destroyed by fire, and which are called 
the organic constituents; the other comprising the substances 
which resist the action of fire, and which are called the inorganic 
constituents, or more simply the ashes. This distinction, how- 
ever, is not absolute. 

The organic components of animal matter consist principally 
of— 

Carbon. Nitrogen. 

Hydrogen. Sulphur and 

Oxygen. Phosphorus. 
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These are also called the elementary or ultimate principles of 
organic bodies. 

The ashes consist principally of — 



Sodium. 


Sulphuric Acid. 


Potassium. 


Phosphoric Acid 


Calcium. 


Carbonic Acid. 


Magnesium. 


Chlorine. 


Iron. 


Fluorine. 



Nearly all animal products are composed of both organic and 
inorganic constituents. Some few substances, however, pertain 
almost entirely to one class : thus, while the enamel of the teeth 
contains scarcely any organic matter, some of the crystals of uric 
acid met with in the urine afford scarcely any ash. 

In animal tissues or fluids, the ultimate organic elements are 
combined with one another in a variety of ways, constituting 
definite compounds, which are known as proximate organic 
principles : thus in urine we may have all the above-mentioned 
ultimate principles united with one another, to form the proximate 
principles, urea, uric acid, sugar, albumen, &c- 

The muscular tissue is a very suitable material to be employed 
for the demonstration of the principal organic and mineral con- 
stituents of animal bodies : the same general plan is adopted in 
other instances. 

(153.) Ultimate Organic Constituents. 

a. Desiccation. The flesh or other tissue is cut into small 
pieces and dried in a water bath until it ceases to lose weight. 
By this means it is divided into an aqueous portion which has 
evaporated, and a solid portion which remains. Nearly all animal 
matters behave in a similar way; but nitrogenous substances 
having an alkaline reaction, give off water containing a variable 
amount of ammonia. 

j3. Destructive distillation. A few fragments of the dried 
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flesh are placed in a reduction tube, into the mouth of which are 
inserted a narrow strip of red litmus paper, and a similar strip of 
lead paper. On applying the heat of a spirit-lamp, water will 
condense in the upper part of the tube, proving the presence of 
oxygen and hydrogen in the flesh-a smeU of ammonia wiU 
be given off, and the litmus paper become blue, results indicating 
the presence of nitrogen — the lead paper will become blackened, 
showing the presence of sulphur — and lastly, a black mass 
consisting chiefly of carbon will remain in the tube. 

y. Incineration. If some of the dried flesh be heated 
upon a piece of platinum foil, or in a shallow capsule, it will swell 
up, bum with a smoky flame, and leave an abimdant carbonaceous 
residue. On continuing the application of heat for some time, 
the carbon will gradually bum away. Its disappearance may be 
facilitated by occasionally pulverising the coherent residue result- 
ing from the ignition. Throughout the process the temperature 
should not exceed, or indeed scarcely arrive at, a full red heat. 
As soon as a pale grey or ochrey red ash is produced, the heating 
may be discontinued. 

5. Detection of nitrogen. A little of the finely divided 
dry substance is intimately mixed with ten or twelve times its bujk 
of soda-lime, made by slacking quicklime with caustic soda solu- 
tion, and the mixture heated in a reduction tube, whereby 
ammonia is given off, recognisable by its smell and reaction on 
test-paper. 

€. Detection of sulphur. Bodies of a moderately light 
colour may be tested for sulphur by boiling them in aqueous 
potash, to which solution of acetate of lead has been added in 
quantity insuflicient to render the liquid permanently opaque. 
Should the substance so treated contain sulphur it will become 
stained of a brown or black colour, which cannot be removed by 
subsequent washing with water. If a substance is stained in the 
above manner when boiled in a potash solution of lead, and is 
scarcely or not a^ all deepened in colour when boiled in a solution 
of pure potash (free from lead), the presence of sulphur is certain. 
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In the case of bodies readily soluble in potash water, the results 
are not quite so characteristic. 

4f. Deflagration with nitre. A little of the dried and 
finely divided animal matter is mixed with about an equal bulk 
of powdered nitre, and the mixture projected in small portions at 
a time into a porcelain crucible kept at a red heat. Deflagration 
immediately takes place, and, in the iused residue, the presence of 
carbonic, sulphuric, and phosphoric acids, resulting £rom the 
oxidation of carbon, sulphur and phosphorus respectively, maybe 
ascertained by the usual tests. 

In performing the above experiments, very different results 
will be obtained with different substances, such, for instance, as 
pieces of flannel, hard white of egg, reflned gelatine, sugar, 
fat, &c. 

(154.) Ash of Animal Matter. 

a. A small portion of the ash, resulting from the incineration 
of any kind of animal matter, is placed on a watch-glass, moistened 
with water and examined by test papers. Should it not have an 
acid reaction, a drop or so of nitric acid is to be added, and any 
effervescence due to carbonic acid careiully noted. The re- 
mainder of the ash is boiled in a small quantity of water for 
some time, a few drops of carbonate of ammonium solution added, 
the whole thrown upon a filter, and the filtrate set aside for ex- 
amination. The residue is then well washed with water, boiled 
in a little hydrochloric acid with which a few drops of nitric acid 
have been mixed, the liquid evaporated just to dryness, diluted 
with water, and filtered. In this manner an aqueous and an 
acidulous solution are obtained, containing respectively — 

Aqueous Solution. Add Solution. 

Potassium. Iron Peroxide. 

Sodium. Calcium. 

Sulphates. Magnesium. 

Chlorides. Phosphates. 
Phosphates. 
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/3. Treatment of acid solution. A little of this solution 
may be examined for phosphoric acid by molybdate of am- 
monium (par. 92 5.), and another portion tested for iron by 
ferrocyanide or sulphocyanate of potassium (par. 54). To the 
remainder of the solution acetate of ammonium is added, and, in 
the event of there being no decided reddening produced, a little 
perchloride of iron also. The whole is then boiled for some 
time, whereby a red precipitate of basic phosphate of iron is 
thrown down, the deposition of which may sometimes be facili- 
tated by the careful addition of ammonia in quantity not suffi- 
cient to produce neutrality. The boiling liquid is next filtered, 
whereby a clear colourless solution should be obtained, perfectly 
firee from both iron and phosphoric acid. Excess of oxalate of 
ammonium added to this solution throws down a precipitate of 
oxalate of calcium. The resulting turbid mixture, having been 
well shaken or stirred, is set aside for a little while, and, after 
partial subsidence, passed once or twice through filtering paper, 
when magnesium may be tested for in the clear liquid by 
means of ammonia and phosphate of ammonium. 

y. Treatment of aqueous solution. Separate por- 
tions of this solution acidified with nitric acid may be tested for 
sulphates by chloride or nitrate of bariimi (par. 87 a.) ; for 
chlorides, by nitrate of silver (par. 88 a.); and for phos- 
phates, by molybdate of ammonimn, or by sulphate of magne- 
sium and ammonia (par. 92 5. a.). Or a single portion of the 
acidified solution may be tested with a few drops of nitrate of 
bariimi to precipitate sulphates ; then filtered and treated with 
excess of nitrate of silver to precipitate chlorides ; then again 
filtered and carefiilly neutralised with dilute ammonia to throw 
down the yellow phosphate of silver which the previously free 
nitric acid held in solution. 

The remainder of the liquid has to be evaporated to dryness, 
and the residue, after gentle ignition, dissolved in a small quan- 
tity of water. The solution, filtered if necessary, and acidulated 
with hydrochloric acid, is careftiUy evaporated down in a watch- 
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glass or capsule, when cubes of common salt will ciystallise out, 
showing the presence of s o d i u m. The mother liquor from these 
crystals is then to be treated with dichloride of platinum and 
alcohol, when, on stirring, a crystalline yellow precipitate of 
platino-chloride of potassium will be deposited. Or the solu- 
tion, acidified with hydrochloric acid, may be treated at once with 
dichloride of platinum and alcohol, the yellow liquid filtered 
from the potassium precipitate and evaporated down, when 
yellow crystals of platino-chloride of sodium will make their ap- 
pearance. 

§ n.— NORMAL URINR 
(155.) General Properties. 

a. Appearance, &c. Healthy human urine is an aqueous 
liquid in which various compounds, organic and mineral, are 
dissolved, and certain other substances held in suspension. It 
has an amber colour, a slightly acid reaction, a characteristic 
though not powerful odour, and a sp. gr. usually ranging within 
a few degrees of 1020. The substances suspended in urine are 
epithelium and mucus. Its dissolved organic constituents are 
urea, uric acid, and hippuric acid, with colouring and other extrac- 
tive matters. Its inorganic or mineral constituents are sodium, 
potassium, calcium, and magnesium, in the form of phosphates, 
sulphates, and chlorides. The student is expected to identify 
these several substances, to make himself acquainted with their 
characteristic appearances, and to realise their principal reac- 
tions. A good quarter-inch object-glass is requisite for micro- 
s3copic examination. 

/3. Mucus, epithelium, &c. Recent urine set aside 
for some little time in a glass vessel gradually deposits a loose 
flocculent sediment, readily visible upon holding the specimen 
between the eye and the light. When examined microscopically 
it is seen to consist of epithelial cells, derived from different por- 
tions of the urinary apparatus, together with granular or mucus- 
corpuscles. By filtration, these suspended urinary constituents 
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remain on the filtering papet as a scarcely riuble deporat, while 
the urine itself paaaea throogh perfectly bright. On gently 
drying the filtering paper, the depodt aaaumes a vamish-lika 
aspect. 

(156.) Ueea. 

a. Its detection. A little of fhe filtered urine, concen- 
trated by careful evaporation in a watch-glass, and treated with 
a few drops of strong colourless nitnc acid, yields either at once 
or Tery speedily a crystalhne deposit of nitrate of urea. This 
deposit, when examined under the microscope, is seen to conust 
of delicate siz-uded plates, sup«runposed upon one another so as 
tiBually to prevent more than three or 
four of the aides of any one crystftl 
being recogni sable, aJi shown m fig 53 
The nitrate of urea maybe formed m 
a watch-glass and then transferred 
to a slide, or it may be dissolved 1. 
water and recrystalEsed on a slid( 
ot nitric acid may be added to som 
concentrated urine previously placed 
in the field of the micnHcope, and 
the actual process of ciystalhsation 
observed. 

/3. Preparation of urea. A couple of ounces or so of 
fresh and filtered urine are evaporated on a water bath or 
gently heated aand-bath to a, syrupy consistency, and a quantity 
of strong colourless nitric acid about equal in bulk to the concen- 
trated urine added thereto, when the misture, upon cooling, 
becomes semi-solid from the formation of nitrat« of urea. The 
crystalline mass is drained on a tile, or pressed between several 
folds of blotting paper, then dissolved in a little warm water, 
and the resulting solution treated with an excess of carbonate 
of barium. Upon concentrating the filtered liquid, nitrate of 
barium crystallises out first, while area remains in the mother 
liquor, which is evaporated to dryness over a water-bath. From 
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this remdoe \rarm alcobol extractti the urea, and, on cooling or 
slow evaporation, depomts it in the form of long flattened pris- 
matic crystals, as ehovm in fig. 54. 

Fig. S4- y. Properties of urea. Urea 

behaves in some respecta lite an 
organic base, being capable of unit- 
ing yriOi certain acids, notably the 
nitric and oxalic acids, to form salts. 
It dissolves readily in water and 
I alcohol, producing solutions which 
are neutral to test-paper. The for- 
mula of urea is CzU^'NiOi, and that 
of nitrate of urea CjH^NiOj.HNOfr 
Urea is isomeric with cyanate of 
ammonium NH^CjNOi, which undei^oes spontaneooa conversion 
into it; and also isomeric, if not identical, with carbamide 
N2H4(C20i)". Heated with water under preaaure, it is trans- 
formed into carbonate of ammonium, thus : CjH^NiOi -|- 
2Hi0j = (NH4)2Ci06. The same change takes place sponta- 
neously in putrefying urine, and is also broi^Kt about by acting 
on urea with strong potash or sulphuric acid, except that the 
resulting carbonate of ammonium isthen broken up by the reagent 
employed, i ,000 parts of urine contain, on the average, about 
1; of urea. 

(157.) TJeic Acid. 

a. Its detection. This compound occurs but in small 
quantity in healthy human urine, 100 parts of which con- 
tain, on the average, not more than half a part of uric 
acid. la order to detect its presence, a couple of ounces 
or so of filtered urine are reduced U> one-half the original 
bulk by evaporation, a little hydrochloric acid added to the 
concentrated liquid, and the whole set aside in a cool place 
for some hours, when the interior of the vessel will be found 
studded with small brown crystals of impure uric aud. In 
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the case of urine having a moderately high specific gravity, con- 
centration is- unnecessary. After pouring off the supernatant 
liquid, the crystals are detached, washed with water, and dissolved 
in a few drops of warm potash. The resulting solution of urate 
of potassium is then filtered, and acidulated with hydrochloric 
acid, whereby a crystalline precipitate of uric acid is thrown 
down, which may be examined microscopically and by the action 
of nitric acid, as described below. 

/J. Preparation of uric acid. Uric acid cannot well be 
prepared, in any quantity, firom normal human urine. But it 
may be easily obtained from the common brickdust urinary 
deposit, collected on a filter and washed with water, or from 
powdered uric calculi, or the excreta of serpents. Any one of 
these substances is boiled with caustic potash, the solution diluted 
with water, filtered, and supersaturated with hydrochloric acid, 
whereby a very considerable opacity is at first produced, which, 
however, speedily disappears, and is replaced by a dense crystal- 
line precipitate, from which the supernatant liquid may be readily 
poured off. 

y. Properties of uric acid. Uric acid ftimishes two 
classes of salts, acid and neutral, and is consequently dibasic. 
Its formula is C10H4N4O6, or C10H2N4O4.H2O2. The formula 
for a scarcely soluble or acid urate is C10MH3N4O6, and that 
for a soluble or neutral urate CioM2H2N406. Uric acid itself 
is extremely insoluble, both in water and alcohol ; but is soluble 
in alkaline solutions, forming neutral urates, and reprecipitated 
therefix)m on the addition of an acid. It always occurs in the 
crystalline state, the appearance of the crystals, however, being 
very various. Occasionally the acid is met with in its normal 
form of the rhombic prism, more frequently in rhombic plates 
with the obtuse angles more or less rounded off, or in acumi- 
nated doubly-convex lozenge-shaped plates, or in elongated fiat 
plates with excavated ends. Some of the forms of uric acid 
crystals are shown in figs. 55 and 56. Uric acid dissolves readily, 
with effervescence, in nitric acid, and on evaporating the solution 
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to drynesa aa amorphouB pinkish rendue ia left. Thie, when 

tnolstened with ammoma, aesumeB a fine crimaon oolour, which 




is changed to violet on ibe additioa of a small quantity of caustdo 
pot^h. 

(158.) HippuEic Acid, 

a. Its preparation. Although this acid exists, in healthy 
human iirine, in nearly the same proportion as uric acid, yet its 
presence therein does not so readily admit of demonstiation. It 
can, however, be easily procured from the urine of herbivora, 
and from that of patients who hare been taking benzoic acid aa 
a medicine. To prepare it from either of these iiourcee, the 
recent filtered urine ia evaporated down to one-fourth of its bulk, 
and then treated with an equal volume of ordinary hydrochloric 
acid, when, on cooling, long prismatic needles of impure hippuric 
acid crystallise out. These, after being washed with a little cold 
water, are dissolved in boiling water, and the solution set adde to 
crystallise. 

/3. Properties of hippuric acid. The hippuric is a 
monobasic acid, represented by &e formula CigH^Oe, or 
CjgHgNOg.HO. It is soluble in water, alcohol, and ether. 
The crystals obtained by cooling the hot aqueous solution on a 
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elide conaigt of delicate four-Bided prisniB, often prwenting the 
appeanmce of elongated six-Bided plates, as shown in fig. 57. 

By prolonged boiling with con- Pig. 57. 

centrated hydrochloric acid, hip- 
puric or glyco-benzoic acid absorbB 
amolecide of water, and breaks up 
into benzoic acid and glycocine o 
sugar of gelatine, thus : CaH^NO^ . 
+HjOi=C,4H6O4-|-C4H5N04.The ' 
larger proportion of the former pro- 
duct is dissipated by evaporation ; 
but the glycocine may be detected 
by adding to the liquid a drop or so 
of aqueous sulphate of copper and an excess of potash, whereby a 
deep blue-coloured solution is produced, unaflfected by ebullition. 

(159.) COLODBINO AND EXTRACTIVE MATTERS. 

o. Purpurine, &c. When healthy urine is boiled in a test- 
tube with about one-fourth its bulk of hydrochloric acid, a deep 
brownish-purple colour ia produced, due to the metamorphosis of 
a peculiar highly carbonised pink colouring matter, known as 
purpurine. The common pink deposits of alkaline urates owe 
tlieir colour to this purpurine, which has a great tendency to 
become precipitated with them. Hence, when perfectly white 
urate of ammonia, boa's excrement, for instance, ia boUed in 
tirine containing much purpurine, it is deposited an cooling of 
a pink colour, from its carrying down some purpurine 'with it. 
When these coloured deposits, natural or artificial, are boiled in 
alcohol, the purpurine is dissolved, forming a pinkish-red solution. 
The relation in which purpurine stands to the yellow colouring 
matter of urine is not satisfactorily established. 

0. Extractives. The remaining organic urinary constituents 
are called by this name. They generally amount to about one 
per cent, of the lu-ine. Included among them is some principle 
containing sulphur in an unoxidised form, also kreatine and 
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kreatinine, Bubstancea derived from the oxidation of muBcle, and 
found more laigely in the jnice of fleah. Schunck has noticed 
in urine the habitual presence of a substance, allied to indican, 
decomposible by an absorption of water into grape sugar and 

indigo-blue. 

(160.) MiHEBAL Salts. 

a. Ash of urine. Thia may be examined according to the 
directions previously given for the analysis of animal a^ea 
(par. 144). It will be usually found to contain calcium, mag- 
nesium, sodium, and a small quantity of potassium, in the form 
of carbonates, sulphates, phosphates, and chlorides. The residue 
left after the ash has been acted upon by acid, consists principally 
of carbon. When this residue is ignited for some time, a 
minute white ash remains, which is said to contain alica and 
fluonne 

Most of the morganic constituents of urine may be de- 
tected m the •ecretion itself after simple filtration. On the 
addition of ammonia a white precipitate is produced, which, 
when exammed microscopically is seen to consist of amor- 
phous granules of phosphate of calcium and characteris- 
tic Btellal« feathery crystals of ammonio-phosphate of 
magnesium If healthy urme especially that passed after a 
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night's rest, be evaporated very gra- 
dually upon a glass slide, uilnnte 
octahedral crystals of chloride of 
sodium may be detected by mi- 
croscopic examination. Generally 
i apeaiking, however, the common salt 
n die form of veiy complex 
7 nght-angledcrosslets(stauroidctyB- 
tals), arranged somewhat like che- 
vaux de /rise. On the axes and 
extremities of these forms, octahe- 
drons may occasionally be rect^- 
by a good defining glass. Fig. 58 shows one of the 
utaay appeanauxs presented by carefully evaporated urine. 
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Sulplmric and hydrochloric acids may be detected in urine by 
the usual tests. 



§ m.— ABNORMAL UEINE. 

The abnormal constituents of urine which do not necessarily 
give rise to deposits, are albumen, sugar, biliary matters, and i^t. 

( 1 6 1 .) Albuminous Urine. 

a. Appearance, &c. The general appearances of albuminous 
urine vary considerably. Sometimes it presents nothing im- 
usual in its aspect; often the flocculent deposit formed by 
repose is larger in amount than that of the healthy secretion; 
occasionally the urine has a faintly opalescent appearance, 
not removable by filtration; and very frequently it is met 
with, black, brown, or red, from the presence of altered blood, 
with or without the occurrence of a deposit of blood globules. 
Albimiinous urine when shaken retains the froth for a long time ; 
its specific gravity is very variable. 

/3. Test by boiling. Some of the suspected urine is boiled 
in a test-tube, when, should albiunen be present, a turbidity will 
be produced, the amount of which may vary from a feint cloud 
to a bulky precipitate rendering the urine nearly solid. Impedi- 
ments,— a. Albumen when dissolved in alkaline fluids is not 
necessarily deposited upon boiling, the formation or non-forma- 
tion of a precipitate having reference to the relative quantities of 
albumen and alkali respectively present. Therefore, in testing an 
alkaline urine for albumen, the liquid should first be rendered very 
faintly acid with acetic acid. 6. A previously opaque condition 
of the urine interferes with the action of this test. This inter- 
ference may be lessened, if not removed, by filtering the urine 
before applying heat thereto. In urine containing deposits, the 
dear liqxdd can generally be poured off and tested separately. 
But deposits of urates do not impede the action of this test, as, 
upon heating the urine, their dissolution takes place before 
the precipitation of any albumen, c. Albuminous urine, to 
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which a very minute quantity of nitric acid has been added, 
is not rendered turbid by heat. Fallacy, — Upon boiling certain 
varieties of urine, a precipitate of the earthy phosphates occa- 
sionally takes place, which, however, can be distinguished from 
that of albumen by the addition of a little dilute nitric add, 
whereby the former is dissolved, the latter unaffected. 

y. Nitric acid test. On adding nitric acid to albuminous 
urine, a white turbidity is produced, varying in amoimt with the 
proportion of albumen present. Impediments.—^, The reagent 
should be added drop by drop, since a minute quantity does not 
cause any precipitate, and a great excess dissolves any precipitate 
which may have formed, h. When the urine is opaque, it should 
be rendered slightly alkaline with potash, agitated, filtered, and 
then tested with nitric acid. Fallacies, — a. In some varieties of 
urine the addition of nitric acid produces a precipitate of uric 
acid, which, however, speedily shrinks very much in bulk, and, 
when examined microscopically, is seen to be crystalline, whereas 
the deposit of albumen is amorphous, h. Nitric acid produces a 
whitish turbidity in the urine of patients who have been taking 
copaiva, cubebs, and probably other oleo- and resinous medicines. 
But while the precipitate of albumen subsides to the bottom of 
the test-tube in the course of a few hours, the precipitate of oleo- 
resinous matters remains suspended in the urine for two or three 
days. Moreover, inquiry can always be made on these points. 

Z, Ferrocyanide of potassium test. Solution of ferro- 
cyanide of potassium added to albuminous urine previously 
acidulated with acetic acid, throws down a white precipitate. 
Impediment. — The mere addition of acetic acid to urine occa- 
sionally produces a precipitation of mucus, in which case the 
acidulated urine must be filtered before being tested with the 
ferrocyanide. 

(162.) Sacchabini: Ubine. 

a. Appearance, &c. Saccharine urine cannot be distin- 
guished by the eye from the normal secretion. It has generally 
a high specific gravity, a rather fragrant odour, and when agitated 
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retains its fix)th for some time. It is said to have a distinctly 
sweet taste. Minute traces of sugar exist habitually in normal 
urine. 

/3. Potash test. To the suspected urine, an equal bulk of 
the ordinary solution of caustic potash is added, and the whole 
boiled ; whereby a deep orange-brown, frequently almost black, 
colour is produced if sugar be present in abnormal quantity. 
Fallacies, — Should a deep brown colour be produced, the test 
is free from Mlacy, but there are many specimens of non-sac- 
charine urine which when boiled with caustic potash acquire a 
tolerably dark sherry colour. Moreover, caustic potash fre- 
quently contains lead, and this impure reagent, acting upon the 
sulphur of ordinary urine, or more decidedly in albuminous 
specimens, will occasion a brown discoloration. The potash 
should, therefore, be first tested for lead. 

7. Copper test. The urine is mixed with about half its 
bulk of caustic potash solution, whereby a precipitate of earthy 
phosphates is produced, which, in questionable cases, should be 
separated by filtration. To the alkaline liquid, filtered or un- 
filtered, a drop or two of a dilute solution of sulphate of copper is 
added, when, if sugar be present, the greenish-blue precipitate 
first thrown down will disappear upon agitation, forming a deep 
blue-coloured liquid. On heating this liquid, and even before 
it arrives at the boiling point, a red or orange-coloured preci- 
pitate will be formed, characteristic of sugar. Fallacies, — 
Although the precipitate produced by the addition of sulphate of 
copper to a mixture of normal urine and caustic potash does not 
disappear upon agitation, still the disappearance of the precipitate 
with formation of a blue liquid is no proof of the presence of sugar. 
Moreover, the application of heat should not be continued after 
the blue liquid has acquired a boiling temperature, as many 
substances by prolonged ebullition effect a deposition of the red 
suboxide of copper. 

h. Modified copper test. Instead of taking separate so- 
lutions of sulphate of copper and potash, a ready-made alkaline 
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Fig. 59- 



solution of tartrate of copper may be added to the suspected 
urine, and the whole heated to the boiling point, when the pro- 
duction of an orange precipitate of suboxide of copper will show 
the presence of sugar. The test solution is made by dissolving 
about 20 grains of sulphate of copper and 40 grains of neutral 
tartrate of potassium in an ounce of the officinal solution of potash, 
whereby a clear deep blue liquid should be produced, which may 
be filtered if necessary. 

£. Tin test. The reductions of salts of tin, bismuth, silver, 
and chromic acid by grape sugar at a moderate heat, have been 
made the bases of separate tests. The tin test is best performed 
by having ready-prepared strips of merino or other woollen (not 
cotton or linen) tissue dipped in solution of dichloride of tin and 
then dried in a water-bath. On moistening one of these strips 

with diabetic urine, and holding it near 
the fire, or otherwise heating it to a 
•temperature of about 300® F., a brown- 
ish-black coloration quickly makes its 
appearance. This is a convenient cli- 
nical test, and one of great delicacy. 

(. Fermentation test Ordinary 
yeast, or the dried German yeast, is 
mixed with water, and a long test-tube 
completely filled with the suspected 
urine, to which a little of the yeast 
liquid has been added. The tube is 
then closed with the thumb, and in- 
verted in a saucer containing a little 
of the urine imder examination, so 
that no air may enter the tube; and 
the whole set aside in a tolerably warm 
situation. The temperature ought not 
to be below 70® Fahrenheit. Should 
the urine be saccharine, minute air-bubbles will speedily make 
their appearance, and in the course of an hour or so a very 
definite quantity of gas will occupy the upper part of the tube, 
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Fig. 60. 



as shown in ^g, 59 ; but other forms of apparatus may be em- 
ployed. The sporules and thallus of the sugar fungus, or yeast 
plant, are said to be recognisable in stale saccharine urine. 

(163.) BiLiABT Urine. 

a. Appearance, &c. Biliary urine has a yellowish-brown 
colour, and a persistent bitter taste. It is doubtful whether the 
urine as voided ever contains more than a trace of the true biliary 
salts, for the detection of which substances only is 
Pettenkofer's test adapted (vide par. 178); but 
Heller's test, and the nitric acid test, react upon the 
colouring matter of bile, which not unfrequently 
finds its way into the urine. 

/3. Nitric acid test. A little of the urine, 
previously concentrated if necessary, is poured on to 
a white plate, so as to form a thin layer, upon which 
a few drops of strong nitric acid are then let fall. 
Where the acid comes into contact with the biliary 
urine, a peculiar play of colours is produced — ^green, 
pink, violet, and yellow, being readily recognisable. 
Or a mixture of the urine with dilute nitric acid may 
be carefully poured on to some strong sidphuric acid, 
when the characteristic coloration will take place 
at the junction of the two liquids as seen in fig. 60. 

y. Heller's test. For the application of this test the urine 
is required to contain albiunen ; hence it must be mixed, if 
necessary, with a little diluted white of egg, serum of blood, or 
some other urine containing albumen. Nitric acid is then added, 
when, if bile be present, the precipitate will have a faintly 
bluish or greenish colour ; but the test is not very satisfactory. 

(164.) Fatty Urine. 

a. Fat globules, &c. The conditions in which fat occurs in 
the urine have not been ascertained with any degree of precision. 
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Occasionally, when examining the ordinary flocculent deposit of 
urine by means of the microscope, isolated fat globules may be 
recognised. Fat occurring only in this state is believed by some 
obsei:vers to be necessarily of extraneous origin. In some forms 
of Bright^s disease the fibrinous casts of tubes and the epithe- 
lial cells, particularly those derived from the kidney, are seen 
loaded with fat, and at the same time isolated fkt globules may be 
detected. 

/3. Chylous urine. Occasionally this curious variety of 
urine is met with : the secretion is more or less opaque, always 
contains albumen, frequently gelatinises on cooling, and, when 
examined microscopically, displays an abundance of minutely 
divided granidar matter, and a few granular cells similar to those 
found in the chyle, but no fat globules. Fat, however, may be 
readily obtained by agitating the urine with ether, and evaporat- 
ing the ethereal solution. 

y. Kiestein-urine. In the urine of pregnant women the 
so-called kieatein may be recognised. The secretion has generally 
an acid reaction, and by repose becomes faintly opaque. In the 
course of two or three days a fat-like scum rises to the sur&ce, 
remains there for two or three days, and then sinks to the bottom 
of the vessel, the urine becoming at the same time ammoniacal. 
When this scum is examined microscopically, it is seen to consist 
of crystals of triple phosphate, with a few fat globules, imbedded 
in a dense granular matter, which appears to be of an albuminous 
character, containing, however, minutely divided fat, Kiestein 
urine, by keeping, frequently evolves a powerful odour of putres- 
cent cheese. Its occurrence is no longer regarded as positively 
diagnostic of pregnancy. 

§ IV. UEINAEY DEPOSITS. 

These may be distinguished into chemical compounds either 
crystalline or amorphous, and structural or organised com- 
pounds. 
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(165.) Chemical Deposits. 

a. Uratea or litbates. — Every deposit which disappears 
upon the application of heat, consists of uric acid in combination 
toith various bases. These urates are sometiines white, but 
generally more or less coloured with purpurine, which may be 
partially extracted from them by means of boiling alcohol. They 
form a bulky deposit, nearly always amorphous, occasionally 
appearing in the form of minute spheres with protruding spicula. 
Urate sediments dissolve readily on the addition of caustic 
potash, the solution when boiled giving off ammonia. Moreover, 
they yield a residue of murexide, when treated with strong nitric 
acid, evaporated to dryness, and held over the vapour of am- 
monia. The urine in which these deposits occur has generally 
an acid reaction. 

p. Earthy phosphates. — Nearly every deposit which 
disappears upon the addition of hydrochloric acid consists of 
earthy phosphates. These salts form a bulky opaque whito 
deposit, which, imless associated with mucus, is easily diffusible 
upon agitation. The urine itself is mostly alkaline, or neutral, or 
but very faintly acid. Deposited 
phosphate of calcium is usually F^^^6i^ 

amorphous, save in acid urine, 
where it sometimes occurs in pe- 
culiar radiated or penniform crys- 
tals. The ammonio-phosphate of 
magnesium crystallises in variously 
modified triangular prisms, often 
simulating irregular six-sided plates, 
as shown in fig. 61; and in very 
ammoniacal urine is met with in the 
form of stellate feathery crystals. 
In some cases this deposit is seen as an iridescent pellicle, and 
occasionally it remains for a long time suspended in the urine. 

y. Uric acid. — Every obviously crystalline deposit, having 




200 



URINARY DEPOSITS. 



Fig. 62. 



a distinctly yellow or red colour, consists of uric acid. The colour, 
specific gravity, and acidity of tirine yielding iiric acid sedi- 
ments are generally rather above than below the average. The 
deposit is compact in its appearance, and subsides quickly after 
agitation. It is readily soluble in potash, from which solution it )s 
reprecipitated on the addition of hydrochloric acid. When treated 
with strong nitric acid, evaporated to dryness, and held over the 
vapour of ammonia, it yields murexide. Uric acid deposits 
are very rarely indeed devoid of colour. They are met with in 
variously modified crystalline forms (vide par. 147). 

3. Oxalate of calcium. This salt seldom if ever forms 
a distinct sediment. It may be detected by allowing the urine to 
stand at rest for some time, and then pouring away all but the 

last portions, which must be ex- 
amined microscopically. It occurs in 
well-marked octahedrons, the crys- 
tals generally appearing to have a 
square outline, and their opposite 
andes beincr connected by markintrs, 
as shown in fig. 62. The sedimrt 
may be rendered apparent to the 
naked eye, by warming the residue 
of urine, left after pouring away the 
greater portion, giving it a rotatory 
motion, and allowing it to stand for 
a few minutes. Then on pouring off the remainder of the urine, 
and replacing it by water, a white glistening deposit becomes 
visible. The deposit of oxalate of calcium is scarcely at all 
affected by cold potash. It dissolves without effervescence in dilute 
hydrochloric acid, forming a solution which effervesces on the 
addition of a little peroxide of manganese. There are occasion- 
ally found associated with the octahedrons of oxalate of calcium, 
certain dumb-bell-shaped crystals, said to consist of oxalurate of 
calcium. They are insoluble in potash, soluble in hot hydro- 
chloric acid, and when incinerated leave a residue of carbonate of 
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Fig. 63. 



calcium. Deposits of uric acid and phosphates have been occa- 
sionally met with in the dumb-bell form. 

€. Cystine. This deposit occurs somewhat rarely, in the 
form of a bulky, easily diffusible deposit, resembling in its appear- 
ance the white or pale lithates. "When examined microscopically 
it is seen to consist of rosette-like plates, in which a hexagonal 
outline may sometimes be recognised. After pouring off the 
supernatant urine, the sediment will be found to be insoluble in 
acetic acid, soluble in hydrochloric acid, and very soluble in 
ammonia. When the ammoniacal 
solution is allowed to evaporate 
spontaneously on a slide, very well- 
defined, transparent hexagonal plates 
crystallise out, as shown in ^g, 63. 
Cystine is remarkable for containing 
twenty-six per cent of sulphur, so 
that when cystic urine is boUed 
with a solution of acetate of lead to 
which potash has been added in 
sufficient excess to dissolve the pre- 
cipitate at first thrown down, the 
whole becomes nearly black, firom the formation of sulphide of 
lead. Cystic urine has when recent an aromatic, when decom- 
posing a very foetid odour. The formula of cystine is C6H7NS2O4. 




(166.) Organised Deposits. 

a. Normal sediment. A flocculent deposit, varying 
slightly in quantity and appearance, always separates from urine 
by repose. When examined microscopically it may show, in 
addition to the usual mucus-corpuscles and epithelium- cells, 
torulsB characteristic of saccharine urine, casts of uriniferous tubes 
indicative of Bright's disease, fat globules, whether free or con- 
tained in a cell wall, vibriones, spermatozoa, blood globules, 
exudation globules, minute crystals of oxalate of calcium, and 
occasionally of uric acid, &c. &c. 

P 
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/3. P u B. This substance presents a difierent appeanmoe 
accordingly as it occvirs in acid or aJkaline urine. In acid 
urine, purulent deposits sink to the bottom of tlie veaael, and 
form a greenish-yellow opaque layer, haritig a creamy con- 
sistency, an easy difiiiabiHty on agitation, and a slow Bubradency 
on repose, gelatinising when agitated with an equal bulk of 
caustic potash, and in (act presenting all tie ordinary qualitiea, 
phymcal and microscopical, of pus. In alkaline urine the depoat 
is viscid, tenacious, ropy, not difiusible on agitation, and ia 
mixed up with the earthy phosphates, which may, howerer, be 
separated by the action of dilute hydrochloric acid. Purulent 
urine is necessarily albiuninous. When a deposit of pus has be«i 
agitated with ether, the resulting 
ethereal solution upon being poured 
off and evaporated, leaves a conm- 
derable remdue of oily globules. 
The pus corpuscles, which, how- 
\ ever, can scarcely be said to exist 
I after the action of an nlVnli, conaiEt 
/ of drcular granulated cells, some- 
what loi^r than blood globules, as 
shown in fig. 64. When act«d on 
by acetic acid, they swell up veiy 
conndeiably, their margins become 
distinct, and two, three, or four small granular masses appear 
in their centres. 

y. Mucus. A little mucus is always met with, even in 
normal urine. It may be touch increased in quantity without 
being appredably altered in character; but oftener it occurs 
in the form of gelatinous masses, which sink to the bottom of the 
vessel, or, from the entanglement of air-bubbles, remain tor a 
long time suspended in the urine. 

Mucus deposits have a more or less niMked alkaline reaction, 
even when the supernatant urine is acid : they do not did^ise 
readily by agitation, and are frequently associated with a very 
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considerable sediment of the earthy phosphates. The presence of 
even a large amount of mucus does not of itself render the urine 
albiuninous. The microscopical characters of the mucus corpuscle 
are very similar to those of the pus corpuscle, but the granular 
character is perhaps not quite so well marked. 

d. Blood. Urine containing blood is necessarily albuminous. 
On allowing the urine to stand, and examining the sediment 
microscopically, blood globules may be recognised by their 
uniform size, non-granular surface, and yellow colour. The ap- 
pearance of urine containing blood is very variable : its colour 
may be light-red, dark-red, reddish-brown, smoke-brown or 
scarcely altered. The sediment also varies much in its appear- 
ance : sometimes its nature is evident to the imassisted eye, at 
other times it occurs but in very minute quantities, and can only 
be identified microscopically. Urine may contain altered colour- 
ing matter of blood, and yet the blood-corpuscles escape recog- 
nition. 



§ v.— CJLINICAL EXAMINATION OF TJEINE. 

(167.) General Examination. 

a. Appearance, &c. It is advisable to notice the colour, 
whether pale from a dilute urine, or dark from a concentrated 
urine, or reddish yellow from purpurine, or brownish yellow 
fi^m bile, or red or brown from blood — the taste, whether sweet 
from sugar, or bitter from bile— the smell, whether fragrant from 
cystine or from sugar, or foetid from alkalinity, with or without 
mucus, or from cystine — any opalescence or milkiness due to 
fat, kiestein, mucus, or a modification of albumen, &c. 

/3. Specific gravity. The specific gravity should be taken 
by means of a gravimeter (fig, 65.) It may be too low, from an 
accidentally diluted iirine, or from Diabetes insipidus^ or fit)m 
certain forms of Morbus Brightii^ &c. ; too high, from a ooncen- 
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trated urine or ftom the presence of si^ar, &c. Dr. Golding 
Bird pointed out the very corioua coincidence, that the iaet two 
figures, expressing the specific gravity, represent very 
nearly the number of grains of solid matter con- 
tained in an ounce of the secretion : thns iu nrine 
of the specific gravity 1017, every fluid ounce con- 
tra about 1 7 grains of solid matter. This, however, 
must be regarded as but a very rough approxi- 
mation to the truth, trifling variations in the amount 
of the saline constituents of urine eflecting greater 
alterations of density than considerable variations in 
its organic constituents. 

y. Quantity. In order to determine the quanti^ 
of urine passed in twenty-four hours, the patient 
should be caused to make water at some definite 
hour in the day, — say 10 a.u., the amount thra 
voided being neglected. Afl«r this he should save 
all the urine he pauses until 10 o'clock on the next 
day, at which time be must again empty his bladder, 
and add the contents to the specimen to be measured. 
He should moreover be desired always to mictn- 
! before going to the closet. By multiplying 
the number of ounces passed, by the last two figures 
of the specific gravity, an approximation will be 
' arrived at as to the total amount of solids excreted 
by the kidneys in twenty-four hours. 



(itiS.) Chguical Examination. 

a. Reaction to test-paper. N'ormal urine has a slightly 
acid reaction. If alkaline, it will restore the blue colour of 
reddened litmns-paper. Should the blue colour remain after the 
paper has become dry, the alkalinity is due to the presence of a 
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fixed alkaline salt ; but should the red colour reappear on drying 
the paper, the alkalinity is due to ammonia. 

j3. Testing the urine. The supernatant urine is to be 
poured away from any deposit which may have formed, and be 
examined for albumen, sugar, purpurine, and if necessary fat and 
bile. Should the urine have a high specific gravity and be free 
from sugar, it may be examined for an excess of urea by pouring 
a little of the secretion into a watch-glass, and adding about two- 
thirds its bulk of cold concentrated nitric acid. The formation 
of a crystalline deposit of nitrate of urea is, with certain restric- 
tions, indicative of an excess of that base. It is, perhaps, 
generally advisable to concentrate the urine slightly, before 
adding the acid. 

y. Testing the deposit. The appearance of the deposit 
generally indicates the order in which the tests, both micro- 
scopical and chemical, should be applied. The lithates are dis- 
solved by heat, dissolved by potash, undissolved by hydrochloric 
acid; the phosphates are undissolved by heat, undissolved by 
potash, dissolved by hydrochloric acid ; uric acid is undissolved 
by heat, dissolved by potash, imdissolved by hydrochloric acid ; 
cystine is imdissolved by heat, dissolved by ammonia or potash, 
and dissolved by hydrochloric acid; oxalate of calcium is un- 
dissolved by heat, imdissolved by potash, dissolved by hydro- 
chloric acid. In mixed deposits the difierent ingredients are 
readily recognised by their difierent microscopical appearances,* 
and by their difierent behaviour with the above reagents. 



§ VI.— URINARY CALCULI. 

(169.) General Characters. 

a. Construction, &c. Urinary calculi are for the most 
part built up of concentric layers. This structural arrangement 
is readily seen on making a section of a calculus through its 
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centre. All the layers of a calculus may have the same compofd- 
tion, or may differ very much from one another in this respect 
One single uniform layer of a calculua may be, and generally is, 
composed of several ingredienta. The internal arrangement of a 
Fig. 6i. mixed mulberry and fumble calcnlos, 

belonging to the museum of St. Bar- 
tholomew's Hospital, is shown in 
jig. 66 (No. 79 in catalogue). 

It is probable, that if a very exact 
analysis were made, each of the 
[ layersof nearly eveiy calculus would 
I be found to contain uric acid, alka- 
! utates, phosphate of calcium, 
and ammonio-phoBphate of mag- 
nesium, with or without the Other 
eonstituents of calculi. Moreover, 
most calculi contain traces of all the salts naturally existing in 
the urine, as well as of colouring matter, mucus, &c. 

From these considerations it is obvious that the chemical 
examination of a calculus need have reference only to its general 
composition, and not to its exact analysis. It is important, how- 
ever, to bear in mind, that even a homogeneous layer of a calculus 
rarely ever consists of one constituent only. 

li. Appearance, &c The general appearances, &c, of the 
different varieties of calculi are as follows: — a. Uric calculi 
consist of uric acid, with or without variable proportions of the 
alkaline urates. They have usually an uniform outhne, a compact 
laminated structure, and an orange or yellow colour : sometimes 
the laminated appearance is wanting, and Bometimes they have a 
light fewn colour, resembling the paler varieties of oxalate of 
lime concretions. A greater or less amount of uric acid is found 
in the centres of most calculi. 

b. Earthy phosphates consist of phosphate of calcium and 
ammonio-phosphate of magnesium. It rarely if ever happens that 
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where one of these constituents is present the other is wholly 
absent. When the two exist in about equal quantities, the con^ 
cretion is known by the name of the Jusible calculus y in consequence 
of the readiness with which it fuses in the blowpipe flame. But 
when either constituent is present in great excess, this fusion 
cannot be effected. The distinctly laminated character appears 
to be more frequently wanting in the fusible than in most other 
varieties of calculi. Phosphatic calculi differ much in their 
appearance; they have usually a smooth xmiform surfiice, and a 
pale, white, or even chalk-like aspect. Sometimes they are 
compact and hard, at other times light and fHable ; sometimes 
the layers adhere very closely to one another, and at other times 
are just as easily separable. The earthy phosphates may con- 
stitute the greater part of a calculus, or may be disseminated 
through the other constituents, or may form distinct layers : they 
give a more or less thick external coating to most calculi. 

c. Oxalate of calcium calculi are generally recognised by 
their dark colour, hard compact laminated structure, and irregular 
surface. The term mulberry calculus does not give any idea of 
the degree of this irregularity. But some small oxalate of cal- 
cium calculi, known as hemp-seed concretions, have a smooth 
contour. Occasionally, oxalate of calcium concretions, especially 
when forming layers in other calculi, or when mixed with Tiric 
or phosphatic deposits, have a pale colour, and very finely lami- 
nated structure. The central portions of oxalate of calcium calculi 
generally contain more or less uric acid. 

d. Cystine calculi are of comparatively rare occurrence. 
They have an irregular or oval shape, a rough and crystalline- 
looking sur&ce, a fawn-brown colour when recent, and a sea- 
green colour when long kept. Cystine rarely ever enters into the 
constitution of composite calculi. 

y. Action ofheat. Some of the ingredients of calculi are 
destructible by heat, some indestructible, as seen in the following 
table : — 
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f Uric Acid. 
Urate of Ammonium. 
Cystine. 

Oxalic Acid, fi:om oxalate of calcium. 

Ammonia, froin triple phosphate. 

Uric Acid, irom urates of calcium and sodium. 

r Phosphate of Calcium. 
Carbonate of Calcium. 

Phosphate of Magnesium, from triple phosphate. 

Carbonate of Sodium, from urate of sodium. 

Carbonate of Calcium, from oxalate and urate of calcium. 



If the heat be sufficiently prolonged and intense, the carbonate 
of calciimi will become converted into caustic lime. Carbonate of 
calcium is not an imfrequent constituent of calculi which have 
imdergone partial decomposition in the bladder. 

(170.) Preliminary Examination. 

a. Pulverisation, &c. The calculus to be examined 
should be sawn through its centre, so as to expose its internal 
arrangement. Should it consist of layers obviously differing from 
one another, each of them must be separately examined. For 
this purpose, a sufficient quantity of each layer may be consecu- 
tively removed by means of a pocket-knife. The determination 
of the nature of any one layer should be ascertained before re- 
moving a specimen of the next one. In friable calculi, great care 
must be exercised in obtaining specimens of the different layers. 
The smooth appearance of the £at surface can be readily restored 
by grinding, so that a calculus may be analysed without any 
necessary disfigurement. The specimen removed from each layer 
is to be reduced to a fine powder. 

/3. Ignition. A little of the powder is to be heated upon 
platinum foil, and careftd attention paid to any of the following 
results, &C. 
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Charring, All urinary calculi undergo a slight amount of 
charring. In oxalate of calcium calculi this is very slight, and 
speedily disappears, leaving a bulky white pulverulent residue. 
In phosphatic calculi the charring is more complete, and the 
carbon not so easily burnt off. 

Decrepitation, This is always very slight : when occurring 
simultaneously with the formation of a white smoke and a great 
degree of mobility in the heated powder, it is indicative of urate 
of ammonium. 

Odour, Oxalate of calcium calculi do not evolve much odour 
when heated : most others do. The odour produced by the igni- 
tion of cystine is well marked and characteristic. 

Volatilisation, Should the calculus powder bum away almost 
entirely, it will suffice to test for uric acid, urate of ammonium, 
and cystine. 

Fusion, The heat of a spirit-lamp is sometimes sufficient to 
fiise the mixed earthy phosphates. 

Alkalinity, When only the heat of a lamp has been employed, 
any alkalinity to test paper, shown by the moistened residue, is 
probably due to carbonate of sodium, derived from the ignition of 
urate of sodium. 

Effervescence, The moistened residue is treated with a drop or 
two of nitric acid. Effervescence denotes the presence of a car- 
bonate, whether originally existing as such, or derived from the 
ignition of oxalate of calcium or of the fixed alkaline urates ; 
in which latter case the amoimt of effervescence is usually very 
small. 

Blowpipe, Should the ordinary flame have proved incapable 
of fusing the ash, the acidified residue may now be dried, and 
strongly heated before the blowpipe ; when, if the mixed earthy 
phosphates are present, a more or less complete fusion, or at any 
rate cohesion of the particles, will take place. 

(171.) Special Tests. 
In addition to noticing the above described effects of heat, it 
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will often suffice to make special tests for the phosphoric, oxalic, 
and uric acids, without subjecting the calculus to a more complete 
analysis. 

a. Phosphoric acid. The residue upon the foil after its 
ignition before the blow-pipe is treated with a drop or two of 
nitric acid and a little water, whereby its solution is usually 
effected without appreciable effervescence, any carbonate of 
calcium having been converted into caustic lime. A drop or 
two of nitrate of silver solution is then added, and the mixed 
liquid carefully neutralised with dilute ammonia, when the pro- 
duction of a yellow precipitate wiU indicate the presence of phos- 
phoric acid. Under certain circumstances, especially when triple 
phosphate constitutes the great mass of the calculus, or when the 
silver salt has been added in very small quantity, the precipitate 
is white. Or the nitric acid solution of the ignited calculus may 
be tested with molybdate of ammonium (vide par. 92 ^.). Triple 

phosphate are distinguished from bone 
^^' ^* earth calculi by their solubility in acetic 

acid. 

fi. Oxalic acid. Some of the ori- 
ginal calculus powder is mixed with a 
drop or so of dilute sulphuric acid, and 
a little finely divided peroxide of man- 
ganese added, whereby any oxalic acid 
is at once oxidised into carbonic acid, 
which is liberated with effervescence.* 

y. Uric acid. A little of the 
original calculus powder, placed in a 
watch-glass, is treated wilji a drop or two of strong nitric acid, 
in which, if uric acid or a urate be present, it will dissolve 

* The description of this very handy, though not in all cases certain, test 
for oxalic acid and the oxalates, was accidentally omitted &om pars. 93 
and 123. The reaction is: HaC408 + 2Mn0,B=4C0, + 2H0 + 2Mn0. It 
is important that the peroxide of manganese employed, should first be 
freed from any carbonates by washing it with dilute nitric acid. 
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with effervescence. On carefully evaporating to complete dry- 
ness over a small flame, as shown in fig. 67, a pinkish residue 
is left, which, when cold, is to be moistened with a drop of 
ammonia, whereby murexide will be produced with its cha- 
racteristic crimson colour, convertible into violet on the addition 
of a little caustic potash. Or the watch-glass may be held in 
the fingers as a precaution against using too strong a heat. 



(172.) Systematic Analysis. 

a. Solution. Some of the powdered calculus is boiled for a 
few minutes with a little distilled water in a test tube, the mix- 
ture thrown upon a filter, the filtrate collected apart, and the 
residue thoroughly washed with boiling water. The first portion 
of the washings may be reserved for use on an emergency. The 
filtrate A may contain urate of ammonium, urate of sodium, and 
urate of calcium. 

The washed residue is next boiled in dilute hydrochloric acid, 
observation being made as to whether or not any effervescence 
indicative of the presence of carbonate of calcium takes place. 
The acid liquid is thrown on a filter, the resulting filtrate B, col- 
lected apart, and the residue therefirom, if any, washed with 
water. The acid solution B may contain chloride of calcium 
fix)m the decomposition of the carbonate, oxalate of calcium, 
cystine, phosphate of calcium, and ammonio-phosphate of mag- 
nesium. The residue G lefl upon the filter will consist of uric 
acid. 

/3. Aqueous solution. A few drops of the solution A 
are evaporated upon a glass plate, when, should a mere trace only 
of residue be left, the remainder of this solution ipay be disre- 
garded, and the calculus considered as free from any appreciable 
amount of alkaline urates. But should an obvious residue be 
lefl, about one-fourth part of the solution may be boiled in a test- 
tube with a little caustic potash, when ammonia, if present, 
will be given off so as to be recognisable by its odour and by its 
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reactions with test-paper and hydrochloric acid vapour, &c. The 
remainder of the solution is reduced to a very small bulk by 
evaporation, treated with strong nitric acid, and evaporated 
cautiously to dryness, when the production of a pinkish residue, 
rendered crimson when moistened with ammonia, will be indica- 
tive of uric acid. The contents of the capsule are next in- 
cinerated, the residue treated with a few drops of water, and the 
liquid divided into two portions. One is slightly acidified with 
acetic acid and tested with a drop of oxalate of ammonium, when 
the production of a white turbidity wiU indicate the presence of 
calcium. The other is acidified with hydrochloric acid and 
evaporated cautiously to dryness, when the production of micro- 
scopic cubical crystals will show the presence of s o d i u m. 

y. Acid solution. By means of dilute ammonia, the solu- 
tion B is made as nearly neutral as it can be, without having its 
transparency afiected. Acetate of ammonia is then added, the 
production by which of a white precipitate wiU indicate the 
presence of oxalate of calcium, or cystine. The latter body 
rarely occurs in mixed calculi, and could be readily separated 
from the oxalate by treatment with ammonia: on evaporating 
the ammoniacal solution, it would be deposited in the form of 
hexagonal tablets. To the clear liquid, if no precipitate has 
formed, or otherwise to the filtrate therefi:om, oxalate of am- 
monium is added in excess, when the deposition of a white 
precipitate will indicate the presence of calcium, which did not 
previously exist in the state of an oxalate. Filtration is next 
performed, if necessary, and an excess of ammonia added to the 
dear liquid, when the production of a white crystalline precipitate, 
after stirring for a littie while, wiU prove the presence of 
phosphoric acid and of magnesium. Should there be no 
obvious precipitate, sulphate of magnesium is to be added, when 
tiie presence of phosphoric acid will be indicated by the 
formation, after brisk stirring, of a white crystalline precipitate. 

I, Insoluble residue. The residue C is to be treated with 
concentrated nitric acid, and the whole evaporated to dryness, 
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■whereby a pink mass will be left, which held over the vapour of 
ammonia will become crimson, and if subsequently moistened with 
potash will become purple, reactions characterising uric acid. 



§ VII.— BLOOD. 

(173.) Coagulation. 

a. Blood as existing in the vessels is seen to consist of r e d 
corpuscles floating in a clear liquid, termed the liquor 
sanguinis. When removed from the living vessels it speedily 
separates into two portions, a clear yellow liquid, the serum, 
and a solid red mass, the clot. The liquor sanguinis consists 
of fibrin and serum ; the clot, of fibrin and corpuscles, as seen in 
the following diagram : — 



Blood. 



Liquor Sanguinis.] ^^^^- 

1 FiBBm. I f^ 



Corpuscles 



Thus the chemical investigation of the blood naturally divides 
itself into separate examinations of the clot and serum. 

/3. The coagulation of blood is due to the solidification of 
fibrin, which entangles in its meshes the corpuscles and a con- 
siderable portion of the serum, so as to form a firm jelly-like 
mass. While the blood is circulating through the vessels of living 
animals, the fibrin exists in a state of perfect solution. The 
circumstances which determine this state of solution are not well 
understood ; but intimate contact with the living tissues appears 
to be one very important condition. Out of the body the fibrin 
speedily solidifies, the coagulation, which is accompanied by a 
slight evolution of ammonia, being generally complete in about 
ten minutes' time. Variations of temperature, movement, and 
exposure to air, modify but never prevent the coagulation. 
Where the fibrin exists in large quantity, the coagulation takes 
place more slowly, but the coagulum is firmer and more compact. 
When blood is removed from persons suffering from an in- 
flammatory condition of system, or when it contains an excess of 
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fibrin, or a deficiency of corpuscles, or when it is collected in a 
deep narrow vessel, or when its coagulation is retarded by any 
means, the corpuscles sinking before the coagulation is complete, 
exist principally in the lower portion of the clot, while the upper 
layer consists of nearly colourless fibrin. This colourless layer is 
termed the huffy coat ; it is extremely tenacious, and frequently 
by its slow contraction draws up the edges of the cldt, so as to 
form a cup-like depression. 

(174.) Fibrin. 

a. From liquid blood. Fibrin is most easily procured 
fi'om this source. The blood, before it has had time to coagulate, 
is rapidly whipped with a few twigs of wood, or well shaken in a 
bottle with two or three irregular pieces of lead. In this way the 
fibrin separates more or less completely firom the corpuscles, and 
adheres to the twigs or pieces of lead in the form of loose fibrous 
masses. These are to be well washed with water, and also with 
ether, when it is desired to remove the adherent fitt. 

/3. From the clot. The preparation of fibrin from 
coagulated blood is rather more tedious. The clot should be 
placed upon a cloth, thoroughly broken up by the hand, and 
washed under a stream of water ; when, by alternate washing 
and kneading, the serum and colouring matter of the clot will 
pass through the cloth, and a residue of tolerably white fibrin be 
left thereon. 

y. Properties of fibrin. Fibrin possesses all the 
chemical properties of coagulated albumen (vide par. 176 y). 
When examined microscopically it is seen to differ from coagu- 
lated albumen in manifesting an organised structure, though of 
the lowest type, viz., the simply fibrous. This fibrillated arrange- 
ment is best seen in the bu£fy layer of inflammatory blood. 
When moist fibrin, especially that obtained from the clot, is 
covered with water rendered faintly alkaline by soda, and left at 
rest for some days in a tolerably warm situation, the greater part 
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of it disBolveB, and albomeQ may be detected in the filtered liquid 
by the action of beat and nitric acid. Fibrin constituteB about 
O'lS per cent, of normal blood, 

(175.) Corpuscles. 

a. Their appearance. When a drop of nncoagolated 
bIcxHl, or a drop of the deep red-coloured serum squeezed out of 
the clot, is examined under a good quarter-inch object glass, 
with a high eye-piece, the field of the microscope is seen covered 
with minute coloured cells, of uni- 
form size, circolar outline, and non- 
granular structure, aa shown in 
fig. 68. According to the focussing 
tiie edges will appear dark and the 
centre transparent, or vice vei 
Some of the globules may be s 
lyingupon their edges, some of them 1 
adhering to one another by their 
flat surfaces, forming rouleaus. In 
the case of the previously uncoagu- 
lated blood, a delicate net-wort of 
fibrin will speedily appear. Blood corpuscles appear to condst 
of a transparent membrane containing a red-coloured fluid. The 
phenomena of oaraose may be readily seen under the microscope : 
thus if a concentrated solution of sulphate of sodium be added, 
the corpuscles become distorted, their edges uneven, and their 
dark centres more prominent ; if, however, water be added, the 
corpuscles swell up, their dark centres and defined margins 
gradually disappear, and finally the cells burst with discharge of 
their contents. 

la addition to the above-described red corpuscles, there may 
generally be seen a few of the colourless or lymph corpuscles. 
In healthy blood, these exist in a variable but very small propor- 
tion compared with the red, than which they are rather larger 
in uze, and less imiform in outline. Moreover, they manliest 
a &intly granular structure. 
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p. Their separation. If blood as it is flowing be 
received into a saturated solution of sulphate of sodium, all 
coagulation will be prevented, and by repose the corpuscles will 
form a bright scarlet layer at the bottom of the vessel. The 
supernatant fluid may be poured off", and the sediment collected 
in a filter, and washed with a solution of sulphate of sodium. Or 
the red liquor, from which the fibrin has been removed by agita- 
tion, may be allowed to subside ; or the clot may be broken up, 
well shaken with the serum, and the red fluid so formed be 
allowed to subside. From either of these fluids a gradual but 
incomplete deposition of the corpuscles will take place. The 
supernatant serum may then be poured away, and replaced by a 
solution of sulphate of sodium, when the corpuscles wiU behave 
as in the first instance, and may be collected upon a filter and 
washed with sulphate of sodium as before. 

y. Eed colouring matter. Haematosine, or the red 
colouring matter of blood, is remarkable for the amount of iron 
which it contains. The ash of blood corpuscles yields fully 30 
per cent, of peroxide of iron. The presence of iron in any of the 
other tissues or fluids, with the exception of the chyle, appears to 
be due to an admixture of blood. It is possible indeed to obtain 
a modified haematosine free from iron ; but no inference can 
be drawn from the experiment. The chemical reactions of the 
colouring matter may be recognised by throwing the corpuscles, 
well washed with sulphate of sodium and drained, into a consider- 
able excess of cold water, when the cell walls burst by endosmosis, 
and the coloured contents of the cells dissolve in the water, form- 
ing a deep-red solution, which by filtration may be made per- 
fectly bright. This red coloiu-ing matter is unaffected by 
ammonia, and is entirely destroyed by ebullition, with the for- 
mation of a dirty-coloured coagulum, which dissolves in caustic 
potash with an indistinct greenish colour 

3. Haematocrystallin, or blood crystals. The forma- 
tion of these crystals was first discovered by Dr. Otto Funke 
of Leipsic. It appears that by the bursting of the red cor- 
puscles as above described an aqueous solution of their con- 
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tents is obtained, which by very slow evaporation yields crystals 
having very definite forms. The blood of some of the lower 
animals, particularly of the rodents, yields these crystals with 
great facility, but their production from human blood is always 
an uncertain operation. A drop or so of the deeply coloured 
liquid from a portion of clot a day or two old, may be squeezed 
on to a glass slide and diluted with less than its own bulk of 
proof spirit. Upon covering the whole loosely with a piece of 
microscopic glass and setting it aside in a light but not too warm 
situation, flattened, prismatic red-coloured crystals will some- 
times make their appearance in the course of a few hours: 

(176.) Blood Stains. 

These occasionally form important objects of medico-legal 
enquiry. The chemical evidence has reference to the colouring 
matter of the blood; the microscopical to the form of the globules, 
and the production of haemine crystals. Eecent blood stains 
are of a bright red colour ; older stains of a reddish brown : 
when on linen or other stuffs, the fibre becomes more or less 
stiffened. 

a. Eeactions of colour. Supposing the stain to be on 
some stuff, a strip of the stained portion is cut off, and suspended 
by means of a thread in a test-tube containing a little distilled 
water. Gradually, streaks of colouring matter will be seen 
descending from the stuff to the bottom of the tube, and there 
forming a layer, of a deep-red if the stain be recent, or a reddish- 
brown colour if the stain be of an older date. If necessary, 
several of the stained strips may be thus successively treated in 
the same portion of water, until a sufficiently dark solution is 
obtained. Stains on knives and other articles are likewise to be 
treated with cold water, so as to obtain a solution of the colouring 
matter. To this red or reddish-brown solution a little dilute 
ammonia is added, whereby the colour will be imaltered or simply 
brightened, but not changed to a green or crimson. When the 
solution of the colouring matter is boiled, its colour is entirely 

Q 
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deetroyed, and a dirty brown precipitate produced. Every Btain 
which forms a reddiali aolution with cold water, which is un- 
affected by dilute amiaonia, but has its colour dcBtroyed by 
ebulhtios, with the fonnatioa of a precipitate, is due to blood, 

/3. Form of the corpuBcles. A little of the stained 
fibre, or, if possible, a little of the dried stain scraped away from 
the article under examination, is placed upon a glaaa slide and 
moistened with a solution of sugar (syrup diluted with about 
twice its bulk of water) or of pure glycerine reduced to the 
sp, gr. of I028. After some time a red-coloured liquid will be 
obtained, which may be covered with a piece of microscopic glass, 
and examined by a good quarter-inch object-glass. Should the 
stain be due to blood, the corpuscles, with their characteristic 
appearances, may in this way be readily detected. In the event 
of their appearing shrivelled, the addition of a drop or two of 
water will cause them to expand. 

y. Htemine crystals. The dry blood stain is extracted with a 
little glacial acetic acid, and the resulting liquid evaporated at a 
very gentle heat. In the event of no 
crystals being thus obtained, a mi- 
nute quantity of common salt may be 
added to the dry reudue, and the 
moistening with glacial acetic acid 
and gentle evaporation repeated. In /■•o.-^ * 
some cases the moistening with acid \ll^\i' 
has to be performed a third time, 1 - *" - 
before the characteristic dark- 
coloured rhombic crystals, often ar- 
ranged in stellate groups, as shown 
in fig. 69, make their appearance, 
The formation of the crystals seems to be fecilitated by moistening 
the residue with water and evaporating, after each evaporation 
with acetic acid. 

(177.) Serum. 

a. General characters. The serum is a pale yellow, 
tzaaaparent, somewhat viscid fluid, having a specific gravity of 
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about 1030, while that of blood averages about 1055. It has a 
faintly alkaline reaction, and consists of water holding in solution 
albumen, &t, certain ill-defined extractive matters, and the inor- 
ganic salts. When serum is evaporated to dryness in a water- 
bath, its aqueous portion is driven off, and a hard, nearly 
transparent, homy residue left behind. Water constitutes about 
80 per cent, of normal blood. 

j3. Separation of albumen. For this purpose, either 
of the following methods may be adopted : — a. The serum is put 
into a small capsule, an equal bulk of coarsely powdered crystals 
of sulphate of sodiimi added to it, and the whole boiled until 
complete coagulation takes place, when, on' filtering the boiling 
liquid, a perfectly clear and nearly colourless solution, quite fr^^ 
from albumen, will rapidly pass through. This method is equally 
applicable to serum containing any amoimt of colouring matter, 
and even to the broken-up clot itself, h. The serum is made 
neutral or vtry faintly acid with acetic acid, boiled and filtered. 
By this means the whole of the albumen will coagulate in fiakes 
and remain on the filtering paper, while a clear liquid, termed the 
serosity, will pass through. The precipitate of albumen is to 
be washed with hot water, and dried in a water-bath ; moreover, 
a minute amount of earthy salts may be removed fi:om it by boil- 
ing dilute hydrochloric acid, as also a small proportion of fat by 
boiling alcohol. 

7. Properties of albumen. Albumen, as it exists in 
the blood and other animal fiuids, is in a state of solution, capable, 
however, of being coagulated by heat. The temj)erature at which 
coagulation takes place varies with the alkalinity of the fluid, and 
with the amount of albumen present. Serum of blood coagulates 
at the temperature of about 1 60® Fahr. Albumen once coagulated 
cannot again be obtained in the form of a solution coagulable by 
heat. Normal blood contains on the average about 7 per cent, of 
dissolved albumen. Fibrin and coagulated albumen agree in the 
following characters: they are insoluble in water, alcohol, and 
ether ; but are soluble in potash, from which solution they are 

Q2 
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reprecipitated by neutralisation with an acid. If to the potas^ 
golutlon acetic acid be freely added, the albumen will be at first 
precipitated, but subsequently redissolved in the excess of acid. 
Moreover, coagulated albumen and fibrin are soluble, though 
with difl&culty, in acetic acid. Albumen and fibrin dissolve in 
boiling hydrochloric acid, forming deep purple solutions. 

When albumen or fibrin is heated upon platinum foil, a minute 
white ash, consisting principally of phosphate of calcium, remains. 
This proportion of earthy phosphate appears to be an int^ral 
constituent of albuminous principles. If dried albumen or fibrin 
be heated in a reduction tube, into the mouth of which there 
have been inserted a piece of red litmus and a piece of lead 
paper, the red litmus will become blue and the lead paper black, 
reactions indicating respectively the presence of nitrogen and 
sulphur. 

^. Fat of blood. The condition in which fat exists in the 
serum is not well understood. Some portion of it is precipitated 
with the albumen, the remainder being dissolved in the serosity. 
As a rule, serum is perfectly bright, and fat globules cannot be 
detected in it by microscopical examination ; yet the fat being 
soluble in ether, does not appear to be saponified. In order to 
extract the fat, the dried residue left by the evaporation of serum 
upon a water-bath is pulverised, and the powder agitated for 
some time, with three or four times its bulk of ether ; the whole 
is allowed to subside, and afler some hours the ether poured off 
and evaporated to drjmess on a water-bath, when a small quantity 
of a yellow semi-solid fat will be lefl. This may be treated with 
cold alcohol, when an oily fet will be dissolved and a crystalline 
fat be left unacted upon. 

€. Extractives and salts. The serosity consists of an 
aqueous solution of certain ill-defined organic compoxmds, known 
as extractives, and of the usual alkaline salts. All the oiganic 
constituents of the serum, with the exception of the albiunen and 
fat, receive the name of extractives. If the serosity be carefully 
evaporated almost to dryness^ very beautiful cubes of common salt 
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ciystallise out. Moreover, sulphuric and phosphoric acids can 
readily be detected ; the former by the production of a white 
precipitate with nitrate of barium and nitric acid ; the latter by 
the addition of sulphate of magnesium, ammonia, and chloride of 
ammonium, when on stirring a white crystalline precipitate is 
thrown down. If the serosity be evaporated to dryness, and 
ignited, a white ftisible ash will remain, which may be examined 
according to the directions for the analysis of animal ashes, and 
will be found to contain chlorine, carbonic, phosphoric, and sul- 
phuric acids, with sodiimi, potassium, and traces of calcium. 

Z. Serum containing urea. It is probable that the 
blood always contains minute traces of urea, while in certain 
forms of disease, particularly in Bright's disease, its amoimt 
becomes very sensible. In order to detect it, the albumen is 
removed from the serum by either of the methods described in 
par. /3. and the serosity evaporated carefully to dryness. If the pro- 
cess b be adopted, and the chloride of sodium in the dried residue 
be seen to crystallise in well-marked octahedrons instead of cubes, 
the presence of urea is tolerably certain. In any case the dry 
residue is warmed with a little strong alcohol and filtered, the alco- 
holic filtrate evaporated to dryness, the residue dissolved in a very 
small quantity of distilled water, and the aqueous solution filtered, 
and concentrated in a watch glass. To the cold concentrated 
liquid, an equal bulk of cold colourless nitric acid is next added, 
when, if urea be present, a crystalline deposit of nitrate of urea 
will be produced, which can be examined microscopically. The 
production of a crystalline deposit on the addition of nitric acid is 
in itself almost conclusive as to the presence of urea. 

17. Serum containing bile. In jaimdice, the serum 
of the blood is of a much darker yellow colour than usual, owing 
to the presence of biliary colouring matter, which may be identi- 
fied by adding to the serum a little nitric acid, when the albmnen 
will be precipitated of a bluish or greenish colour : or some of the 
serum, just neutralised with acetic acid, may be precipitated with 
excess of alcohol, the alcoholic solution evaporated to a small bulk 
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in a water-bath, and residue examined by Pettenkofer's test, and 
by the nitric acid test. (par. 153 /3.) 

0. Serum containing sugar. Sugar exists abundantly 
in the blood, in cases of diabetes. Eecent researches have more- 
over shown that the post-mortem blood of the inferior cava, and of 
the right side of the heart, habitually contains sugar in very defi- 
nite amount. In order to detect it, the albumen of the blood 
must be removed by means of sulphate of sodium, as in par. 
177/5, and to the clear filtrate a drop or two of a solution of 
sulphate of copper, and then an excess of caustic potash be added, 
whereby a deep blue-coloured liquid will be produced, which, on 
the application of heat, will deposit a red or orange-yellow coloured 
precipitate of suboxide of copper. The alkaline solution of tar- 
trate of copper described in par. 162 3 may be conveniently 
substituted for the mixture of sulphate of copper and caustic 
potash. 

§ Vin.— MISCELLANEOUS ANIMAL PEODUCTS. 

(178.) Bile. 

a. Composition. Human bile contains the sodium salt of 
a peculiar acid known as glycocholic acid, having a similar con- 
stitution to the glycobenzoic or hippuric acid found in urine. It 
also contains in small quantity the sodium salt of taurocholic 
acid. These glycocholates and taurocholates, when boiled with 
dilute hydrochloric acid, absorb water, and break up into cholic 
acid and glycocine and taurine respectively, thus : — 

GlycochoKc, C52H43NO12 + H2O2 = C48H40O10 + C4H5NO4 
Taurocholic, C52H45NO14S2 + H2O2 = C48H40O10 + C4H7NO6S2 

The bile also contains water, mucus, cholesterine, iat, and 
colouring matter, the reactions of which last have been described 
under the head of biliary urine (par. 153). 

/3. Detection of cholic acid. This is effected by 
Pettenkofer's test, which is performed in the following manner : 
To a little diluted bile, or any liquid containing bile, rather more 
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than half its bulk of strong Bulpbuiic add ia added very gradu- 
ally, tlie tube in which the mixture ia made beiog kept cool by 
immersion in water. A minute quantity of powdered white 
sugar, or its equivalent of eyrup, is then introduced, the liquid 
well agitated and mixed witli more sulphuric acid. By this 
means the temperature is- gradually r^sed to the requisite point, 
when a deep purplish- crintaon colour makes its appearance. Very 
minute quantities of bile may be detected by evaporating any 
suspected hqoid with a drop of sulphuric acid and a decigrain of 
sugar in a water-bath. 

y. Biliary calculL Concretions of variable appearance 
are occasionally formed in the gall-bladder, sometimes in very 
considerable numbers. When numerous, they are of about the 
size of peas, and have an irregular angular shape, with flattened 
sides. When solitary, they are usually of larger bulk and of an 
oval form. They have a soapy feel, a &wn-yellow colour, and 
are easily crushed by pressure. They conMst principally of ckolti- 
terine and an insoluble combination of bile pigment with lime. 
When rich in cholesterine, they 
float upon water. To detect cho- 
lesterine, the powdered calculus is 
boiled in alcohol, and the solution 
filtered, when, on cooling, colour- 
less transparent plates crystallise / 
out of the yellow Uquid. These f 
crystals, when examined microsco- \ 
pically, are seen to couaist of deli- 
cate, nearly square, rhombic plates, 
superimposed one upon the other 
as shown in fig. 70. Cholesterine 
C52H44O1, is soluble in ether and hot alcohol, very slightly soluble 
in cold alcohol, not at all soluble in water. It seems to be a 
species of solid alcohol. 



Fig. 70. 
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t>79-) Milk. 

This aecretion consiata of water holding in solution o a b e i d, 

lactine, and Baits, and holding in suspension an abundance of 

fat globules, to the presence of 

which the opaque white appearance 

of milk is due. Normal milk has 

an alkaline reaction to test paper. 

The specific gravity of human milk 

averages about 1030. 

a. Fat globules. Thesemay r 

be easily recognised under the mi- ' 

croBcope : itey are of various sizes, 

and have well-defined dark margins, 

as shown in fig. 71. They appear 

to be surrounded by delicate cell- 
membranes, as they cannot be made to unite by pressure nntil 

after the addition of a little acetic acid. The milk secreted soon 

after delivery contains large, granular, &tty corpuscles, known as 
colostrum corpuscles. In milk abscess &c., pus and blood globtdes 

may be occasionally detected. 

fj. Casein. When ordinary or skimmed milk is evaporated, 
a scum forms on its sur&ce, which, if removed, is soon replaced 
by a fresh one, and ao on repeatedly. This property of forming 
a scum on evaporation was formerly considered peculiar to fiuids 
containing casein. Casein differs from tlie other albuminous 
bodies in being coagulable not by heat, but by the addition of a 
little very dilute acid, or by contact with decomposing animal 
membrane. Cheese is casein which has been precipitated by 
rennet, the dried decomposing lining membrane of the stomach 
of the calf. When skimmed milk is rendered slightly acid with 
acetic acid, and gently warmed, the casein coagulates, and may be 
collected on a filter, washed with hot water, and subsequently 
with hot alcohol : it manifests all the usual properties of the 
albuminous bodies. 
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y. Lac tine. Sugar of milk, or lactine, may be readily 
detected in whey which has been separated by filtration from the 
coagulated casein. On adding a drop or two of sulphate of 
copper, and then an excess of potash, a red precipitate of sub- 
oxide of copper will be produced on boiling the mixture. Sugar 
of milk may be obtained crystalline by careful evaporation of 
the whey. It does not readily undergo the alcoholic fermenta- 
tion ; but by the action of putrefying curd becomes rapidly con- 
verted into lactic acid. 

d. Mineral salts. The ash of milk contains the same 
constituents as most animal ashes ; the relative proportion of 
earthy phosphates is very large, and potassium exists in it to a 
greater extent than sodiimi. 

(180.) Bone. 

Bone consists principally of phosphate of calcium, deposited 
in an animal basis. When bone is soaked for some time in 
dilute hydrochloric acid, its earthy matter is dissolved out, and a 
flexible elastic mass, having the exact form of the original bone, 
is left unacted upon. This residue consists of gelatine, which by 
boiling dissolves in water, forming a solution that gelatinises on 
cooling. The solution is precipitated by tannic acid, but not by 
acetic acid or by ferrocyanide of potassium. Pure gelatine does 
not contain sulphur. By the incineration of bone, its animal 
matter is burnt off, and a brittle, white, earthy residue, having 
the exact form of the original bone, remains. This earthy resi- 
due consists principally of phosphate of calcium, with a little 
carbonate of calcium and phosphate of magnesium, also minute 
quantities of fluoride of calcium ; which latter substance may be 
detected more readily, however, in fossil bones. 
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TABLE I. 



Atomic Weights and Symbols. 





Triplet Groups 










Mo 96 


W 184 


H I 






Pd 1065 


Au 196*5 
Pt 197 


li 7 


Na 23 




Ag 108 




G 9 


Mg24 


Zn65 


Cd 112 


Hg 200 


B II 


Al 27-5 






TI 203 


C 12 


Si 28 


— 


Sn 118 


Pb 207 


N 14 


P 31 


As 75 


Sb 122 


Bi 210 


i6 


S 32 


Se 79*5 


Te 129 




F 19 


CI 35-5 


Br 80 


I 127 






K 39 


Eb85 


Cs 133 






Ca 40 


Sr 87-5 


Ba 137 






Ti 48 


Zr 895 


""^^ 






Cr 52-5 


— 


V 138 






Mn 55* &c. 


^^ 
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TABLE n. 



Pbdcabt HTDSroBS. 



Molecular 
weights. 


Formula 


Hydridei, &c. 


DeriTatives 


2 

20 
365 
81 
128 

18 

34 
815 

131 

17 

34 

78 
125 

16 
3» 


Ha 

HF 
HCl 
HBr 
HI 

H,0 
H,S 
H,Se 
HaT 

H,N 
H3P 
H3AS 

HgSb 

EtsBi 

H.C 
H^Si 

Et.Sn 
Et^Pb 


Hydrogen 

Fluorhydric acid 
Chlorhydric acid 
Bromhydric acid 
lodhydric acid 

Water 

Sulphydric acid 
Selennydric acid 
Tellurnydric acid 

Ammonia 

Phosphine 

Arsine 

Stibine 

Bismuth-ethyl 

Marsh-gas 
Silic. hydrogen 
Stan-ethyl 
Plumb-ethyl 


OIF 

ClCl 

ClBr? 

CH 

a,o 

C1,S 
Cl,Se ? 
Cl,Te 

CLN 

CI3P 

CLAs 

CLSb 

ClaBi 

CLC 
Cl.Si 
CLSn 
Cl^Pb 


CuF 

KF 
KCl 
KBr 
KT 

NaClO 
NaHS 
Na,Se 
AgaTe 

HH,N 

AgaAs 
AgaSb 

NaHjC 
Mg",Si 
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TABLE in. 



Perissad Elements and Chlosidbs. 





Atomic 




Monochloride, 


Trichloride, 


Pentachloride 


Symbols 


weights 


Elemenu 


XCl 


XCI3 


XCl. 


H 


I 


Hydrogen 


HCl 






U 


7 


Lithium 


LiCl 






Na 


23 


Sodium 


Naa 






Ag 


108 


Silver 


AgCl 






K 


39 


Potassium 


KCl 






Rb 


85 


Rubidium 


RbCl 






Cs 


133 


Caesium 


csa 






B 


II 


Boron 




BCI3 




Al 


27-5 


Aluminum 




AICI3 




Tl 


203 


Thallium 


TlCl 


TICI3 




Au 


196-5 


Gold 


AuCl 


AuClj 




N 


14 


Nitrogen 




NCI3 


NH.Cl 


P 


31 


Phosphorus 




PCI3 


PCI5 


As 


75 


Arsenic 




AsCL 


— 


Sb 


122 


Antimony 




SbCL 


SbClj 


Bi 


210 


Bismuth 




BiCl3 




F 


^9 


Fluorine 




• 




CI 


35*5 


Chlorine 


ClCl 






Br 


80 


Bromine 


BrCl? 


__ 


BpCIj 


I 


127 


Iodine 


ICl 


ICI3 
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TABLE IV. 



Abtiad Elbmsnts and Chlobides. 



Symbols 


•Atomic 
weights 


Elements 


Dichloride, 
XCIs 


Tetrachloride, 
XCla 


Hexachloride, 
XCIa 


Gt 


9 


Glucinum 


GCl, 






Mg 


24 


Magnesium 


MgCl, 






Zn 


fis 


Zinc 


ZnCl^ 






Cd 


112 


Cadmium 


CdCl, 






Hg 


200 


Mercury* 


HgCl, 






Ca 


40 


Calcium 


CaCl, 






Sr 


87-5 


Strontium 


SrCla 






Ba 

* 

C 


137 
12 


Barium 


BaCl, 






Carbon 


ca,? 


CCL 




Si 


28 


Silicon 


SiCl,? 


sia^ 




Sn 


118 


Tin 


SnCla 


SnCl. 




Pb 


207 


Lead 


PbCl, 


PbEt^ 




Pd 


106-5 


Palladium 


PdCl, 


Pda. 




Pt 

•••••• 




197 
16 


Platinum 


PtCl, 


PtCl^ 




Oxygen 


OCl, 






s 


32 


Sulphur 


SCI, 


SCI. 


S0,C1, 


Se 


79'S 


Selenium 


SeCl,? 


SeCl^ 


SeO,Cl, 


Te 


129 


Tellurium 


TeCl, 


TeQ^ 


TeO,(HO), 


Cp 


5»*5 


Chromium* 


CrCl, 


... 


CrOaG, 


Mn 


55 


Manganese* 


MnCl, 


MnCl^? 


MnO,(HO), 


Fe 


56 


Iron* 


FeCl, 


— 


FeO,(HO)a 


Co 


59 


Cobalt 


Coa, 






Ni 


59 


Nickel 


NiCl, 






Cu 


635 


Copper* 


CuCl, 







♦ Mercury and copper form monochlorides on the type XCl, or X,C1„ 
while chromium, iron, and manganese form trichlorides on the type XCl^, 
or XjClg. 
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TABLE V. 
Oxides of Fbimabt Htdbidss. 



Formuls 


Oxhydrates, &c. 


DeriTatiTes 




Monobcisic, 






HCl 


Chlorhydric 


KCl 


EtCl 


Hao 


Hypochlorous 


KCIO 


— . 


Hao, 


Chlorous 


KCIO, 


— 


HCIO, 


Chloric 


KCIO3 


• — . 


HC104 


Perchloric 


Kao^ 


EtClO^ 




Dibasie, 






H,S 


Sulphydric 


XHS 


Et,S 


H,80 


— — 


ClaSO 


Et,SO 


H,SO, 


Hyposulphurous ? 


C1,S0, 


— 


H^SO, 


Sulphiirous 


KHSO3 


Et,S03 


H,S04 


Sulphuric 


K^SO^ 


EtHS04 




Tnbasic, 






H3P 


Phosphine 


AgsP 


Et-P 


H.PO 


— — - 


CI3PO 


Et,PO 


H3PO, 


Hypophosphorous 


KH,POa 




H3PO3 


Phosphorous 


KaHPOj 


Et3P0, 
EtFaPO^ 


H3PO, 


Phosphoric 


K3PO, 




Tetr(^asic, 


• 




KS 


Silic. Hydrogen 


Mg^'aSi 


Et^Si 


H.8i0 


— — 




— 


H.SiO^ 


— — 


» 


— 


H,8i0. 




•— 




H^SiO^ 


Silicic acid 


K^SiO^ 


Et4Si04 
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TABLE VL 
Tu- Aim TarKA-OxTamt Acdii. 



Tomulw 


r ™.^. 


Fonnul. 


T.„..„-. 


HCl 0, 


Chloric 


H a 0, 


Porciiloric 


H Br 0, 


Bromie 


H I 0: 




HI 0, 
HN 0, 


lodio 

NllriE 


H AlnO, 


Permnngunic 


HP Oj 


Mel^phMphio 


H, 8 0, 


Sulpbnric 






H, 8e 0, 


Selraic 


H.SO, 


Snlphorona 


H, Tn 0. 


Tellurio 


f'S'S' 


Selenious 


H.Mo 0, 


Molybdic 


fl,TeO. 


Tellnronis 


H.W 0; 


Tungstic 


H.vo: 




H, V 0, 


VanSic 


H.CO 


Carbonic 


H, Cr 0. 


Chromic 


H, ai 0, 


HetumEU! 


H,MnO* 


"S"'" 


H,anO, 


Stannic 


B, Fe 0, 


H, Ti 0, 


Titanic 






H,TaO, 


Tanlalic 


H.N 0, 


Orthonitric? 






HjP 0: 


Phosphoric 


H, P 0, 


Phosphorooa 


H, As 0: 


Arsenic 


H.AsO, 


Arafniooa 


Hj &, 0, 


Antimonic 


H,SbO, 








H, Bi 0, 




H.C 0, 


Ortbocarbonio 


HjB 0, 


BomdD 


H,Si 0, 


Silidc 


Fo™«l- 


Mett-Kldi 


FDnnulc 


onJid- «ld. 


HP 0, 


MetaphoBphic 


H.P 0, 


Phosphoric 


HN Oj 


Nitric 


HjN 0, 


OnhoDitrio 


H.SiO, 


MBtarilicie 


H,8i 0. 


Silicic 


H.C03 


Carbonic 


H, C 0, 


Orthocatbonio 
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TABLE VII. 



Pbimaby Types op Double Decomposition. 



Typct 


DeriTatiTes 

1 


HCl 


Chloride or Hydride 


CI. CI 


Na.Cl 


Et.Cl 






H " 


l'}o 


l> 


Oxide or Hydrate 






■ 




CIJ" 


Nat" 


ft}o 






\ 


Na) 


Et) 






H 


-N 


H 


•N 


H 


■N 






H 




hJ 




H 




HI 






I ) 


X ) 


Et] 




H 


■ N 


Nitride or Amide 


I 


■N 


X ^ 


■N 


Et 


kN 


ii. 






hJ 




H J 




hJ 








cr 




Na] 




Et] 








Cl 


•N 


Na 


hN 


Et 


•N 






Cl, 




NaJ 




EtJ 








c\\ 


Na) 


Et^ 


H) 




H 
H 


C 


H C 
H ^ 


H 
H 


-C? 


H 
H 


■c 


Carbide or Methide 


Hj 


H, 


hJ 




hJ 






C1,H,C 










ajHC 










Cl^C 
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TABLE Vni. 
Atomic Hbat. 



— 


'.Elements 


Atomic 
weights 


Specific heatf 


Specific heats X 
at. weights 




Bromine 


80 


•08432 


674 


i 


Iodine 


127 


•05412 


687 


Lithium 


7 


•94080 


658 





Sodium 


»3 


•29340 


6-75 


S 


Potassium 


39 


•16956 


661 




Silver 


108 


•05701 


6-15 


Sulphur 


31 


•17760 


568 




Selenium 


79*5 


•08270 


665 




Tellurium 


129 


•04737 


611 




Tungsten 


184 


•03342 


6*15 




Manganese 


55 


•12170 


669 


'S 


Lron 


56 


•"379 


6'37 




Cobalt 


59 


•10696 


6-31 


n 


Nickel 


59 


•10863 


6*41 




Copper 


63-5 


•09515 


6^04 




Magnesium 


^4 


•24990 


5*99 




Zinc 


65 


•09555 


626 




Cadmium 


112 


•05669 


635 




Mercury 


200 


•03192 


638 


Phosphorus 


31 


•18870 


5-85 




Arsenic 


75 


•08140 


6-IO 


-3 


Antimony 


122 


•05077 


6-19 


•a 


Bismuth 


210 


•03084 


647 


H 


Aluminum 


27-5 


•21430 


5-87 




Thallium 


203 


•03355 


681 




Gold 


1965 


•03244 


6*37 


Tin 


118 


•05623 


663 




Lead 


207 


•03140 


6-50 


■9 


Ehodium 


104 


•05803 


606 


1 


Palladium 


106-5 


•05927 


6-31 




Platinum 


197 


•03243 


6*39 


Iridium 


197 


•03259 


6-42 




Osmium 


199 


•031 1 3 


6^19 



R 



INDEX, 



ACE 

ACETATES, reactions o^ 124 
Acid, arsenious, 155 

— cholic, 222 

— hippuric, 190 

— hydrochloric, toxicology o^ 142 

— hydrofluosilicic, as a reagent, 

— nitric, toxicology of, 140 

— oxalic, „ „ 145 

— pmssic „ „ 171 

— sulphuric, as a reagent, < g 

toxicology of, 137 

— tartaric, as a reagent, 96 

— uric, 188 
Acidity, criterion of, 6 
Acids and bases, 53 

— anhydrous, 12 

— binary, 7 

— dibasic, 7, 8 

— monobasic, 7 

— reactions o^ 1 32 

— solutions to be tested for, 108 

— table for detection of, no 
preliminary testing, X04 

— ternary, 7 

— tribasic, 8 
Adapters,* 39 
Albumen £rom blood, 218 
Albimiinous urine, 193 

Alkaline solutions, reactions o( 

135 
Alkaloidal salts, 10 

Aluminum, reactions of, 93 
Ammonia, as a precipitant, 69 

reagent, 86 

solvent, 87 

Ammonium, carbonate of, as a pre- 
cipitant, 94 

— oxalate of, as a reagent, 96 



ATO 

Ammonium, phosphate of, as a re- 
agent, 96 

— salts of, 10 

— sesquicarbonate of,.as a solyent, 7 3 

— sulphide ot as a precipitant, 84 

as a solvent, 73 

Analysis, course of operations in, 

S3 
Anhydrides, 12 

Anhydrous adds, 12 

Animal matter, ashes of, 182-184 

components 0^ 181 

— products, various, 222 
Antimonial salts, reactions of, 167 
Antimonv in organic mixtures, 171 

— Marsh's test for, 169 

— reactions of, 78-167 

— Eeinsch's test for, 170 

— toxicology of, 167 

in solution, 168 

Apparatus, cleaning glass, 41 

— connections of, 23 

— supports for, 34 
Arsenic, Marsh's test for, 159 

original process, 160 

modified process, 1 62 

— metallic ring, 156 

— reactions of, 77 

— Eeinsch's test for, 163 
, impediments to, 165 

— various forms of, 166 
Arsenious acid, reactions of, 155 

toxicology of, 155 

crystals o^ 155 

dissolved, 157 

reduction of, 157 

in organic mixtures, 

167 
Ashes of animal matter^ i8«- 184 
Atomic weights, 2 
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INDEX. 



BAR 

BARIUM, chloride of, as a re- 
agent, 112 

— reactions of, 99 
Bases and acids, 53 

— classification o^ 64 

— first group of, recognised, 65 
— table of, 71 

-^ second group of, recognised, 68 
table of, 83 

— third group of, recognised, 69 
table o^ 94 

Baths, sand, 35 

— water, 36 
Beads, borax, 61 
Benzoates, reactions o( 124 
Biliaiy calculi, 222 

— urine, 197 
Bile, 222 

— from blood, 221 
Binary acids, 7 
Bink's burette, 46 
Bismuth, reactions of, 79 

— solutions, 74 

Blood, albumen from, 218 

— bile in, 221 

— coagulation of, 213 

— colouring-matter of, 216 

— composition of, 213 

— corpuscles, 215 

— crystals, 216 

— extractives and salts of, 220 

— fat of, 220 

— fibrin from, 214 

— in urine, 203 

— serum from, 218 

— • stains, reactions of, 217 

— sugar in, 222 

— urea in, 220 
Blowing glass bulbs, 22 
Blowpipe, Black's, 1 6 

— brazier's, 16 

— examination, 54 

— flame, colouration of, 57 

— flames, 17 

— Herapath's gas, 15 

— incrustations, 60 

— the, use of, 17 
Bone, 224 

Borates, reaction of, 124 
Borax beads, 61 
Boring corks, 24 



CON 

Bottle, drop, 25 

— wash, 26 

Bromides, reactions of, 120 
Bulbs, blowing, 22 
Burette, Bink's, 46 
Burners, charcoal, 14 

— gas, H 

CADMIUM, reactions o^ 82 
Calcium, chloride o^ as a re- 
agent^ 112 

— oxalate o^ urinary deposit of, 20Q 
calculus, 207 

— reactions of, 99 

Calculi, action of heat on» 207 

— analysis (systematic) of, 211 

— biliaiy, 223 

■— construction of, 205 

— cystine, 207 

— earthy phosphate, 206 
reactions of, 210 

— examination of, 208 

— ignition of, 208 

— mulberry, 206 

— oxalate of calcium, 207 
reactions of, 210 

— pulverising, 208 

— solution of, 211 

— tests, special, for, 209 

— uric acid, 206 

reactions of, 210 

Carbonates, reactions of, 117 
Casein, 224 

Charcoal burners, 14 
Chemical equations, 6 

— formulae, 5 

— urinary deposits, 199 
Chlorates, reactions of, 1x6 
Chlorides, formulae o( 4 

— reactions of, 119 
Cholic acid, 222 
Chromates, reactions o^ 115 
Chromium, reactions o^ 93 
Chylous urine, 198 
Cleaning-glass apparatus, 41 
Cobalt, nitrate 0^ ignitions with, 58 
-7- reactions of, 89 
Colouring-matter of blood, 216 
Combining proportions, i 
Complex salts, 9 

Condenser, Liebig's, 39 
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CON 

Connections of apparatus, 23 
Copper, reactions of, 81-153 
.— solutions, 76 

— toxicology of, 153 

dissolved, 153 

in organic mixtures, 154 

Corks, boring, 24 

Corpuscles, blood, 215 

Corrosive sublimate, reactions of, 

147 
toxicology of, 147 

solid, 147 

dissolved, 148 

crystals of, 148 

in organic mixtures, 150 

Counterpoises, 48 

Crucibles, heating, 35 

Crystals, blood, 216 

— hoemine, 218 
Cyanides, reactions of,- 121 
Cystine, 201 

— calculi, 207. 

DASffD SYMBOLS, 6 
Decantation, 33 
Decimal weights, 47. 
Deposits, urinary, 198 

— — chemical, 199 

organised, 201 

Desiccation, 41^8 
Dibasic acids, 7 
Distillation, 37 
Drop-bottle, 25 
Drying apparatus, 41 
-— precipitates, 42 

EARTHY SALTS, reactions of, 1 30 
Ebullition, 37 
Elementary bodies, i 
Elements, Table of, 3 
Equations, chemical, 6 
Equivalents, i 
Evaporation, 36 



FAT of blood, 220 
Fatty urine, 197 
Ferric salts, reactions of, 91 
Ferrous salts, reactions of, 91 
Fibrin, 214 
Filters, double, 31 



HYD 

Filters, making, 30 

— pliun, 31 

— ribbed, 30 
Filtration, 29 
Flame, blowpipe, 17 

colouration of, 57 

oxidising, 17 

reducing, 18 

Flasks, measure, 45 

— specific gravity, 49 
Fluorides, reactions of, 125 
Formulae, chemical, 5 

— of chlorides, 4 

— of hydrides, 3 

— of salts, rational, x i 
Funnel tubes, 27 
Fusible salts, 57 
Fusions, 43 

GALLON, decimal division of, 44 
G-as blowpipe, Herapath's, 1 5 

— burners, 14 

— evolving tubes, 27 

— washing tubes, 29 
Glass bending, 19 

— tube and rod, cutting, 18 

— vessels, heating, 35 

— working, 18 
Graduated measures, 46 

— pipettes, 46 
Gravity, specific, 48 

HJEMATO-CRYSTALLINE, 216 
Hsemine crystals, 218 
Heat, action of, on calculi, 207 
Heating glass vessels, 35 

— crucibles, 35 
Hippuric acid, 190 
Hydracids, 7 
Hydrides, formulae of, 3 
Hydrochloric acid, as a precipitant, 

66 

reactions of, 142 

toxicology of, 142 

— — — concentrated, 142 
diluted, 143 

— in organic mixtures, 

144 

Hydrofluosilicic acid as a reagent, 

96 

Hydrometer, 50 
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IGN 

IGNITIONS, 41 
— with nitrate of cobalt, 58 
Incnistations, blowpipe, 60 
Infusible salts, 58 
Insoluble compounds, in acids, 128 

— oxalates, 147 
Iodides, reactions of, 120 

Irbn, perchloride of^ as a reagent, 1 14 

— reactions of, 90 



JACKET STANDS, 34 



E 



lESTEIN URINE, 198 



LACTINE, 224 
Lead solutions, 75 

— reactions of, 80-151 

— toxicology o^ 1 5 1 

solid, 151 

dissolved, 152 

in organic mixtures, 1 52 

Liebig's condenser, 39 

Liquids, analysis of, 134 

— specific gravity of, 49 
Lithates, urinary deposits of, 199 
Lutes, 25. 



MAGNESIUM, reactions of, 100 
Manganese, reactions of, 90 
Marsh's antimony test, 169 

— arsenic test, 159 

original process, 160 

modified process, 162 

Measure flasks, 45 
Measures, graduated, 46 
Measuring, 44 

Mercuric salts, reactions of, 80 
Mercurous salts, reactions of, 80 
Mercury, dichloride of, toxicology 
of, 147 

— reactions of, 79 

— solutions, 75 
Milk, 224 

— casein of, 224 



POT 

Milk, fat globules of, 224 

— lactine o^ 224 

— mineral salts of, 224 
Molecular weights, 2 
Monobasic acids, 7 
Morphia in solution, 178 

— toxicology of, 177 
Mucus from urine, 202 
Mulberry calculus, 206 
Multequivalent salts, 9 



FlUTRALISATION, 69 
Nickel, reactions of, 89 
Nitrates, reactions of, 11 5-1 41 
Nitric acid, toxicology of, 140 

concentrated, 140 

diluted, 141 

in organic mixtures, 142 

Notation, symbolic, 5 



OPIATE LIQUIDS, 178 
Organic constituents, ultimate, 

182 
Oxacids, 7 
Oxalate of calcium, urinary deposit 

of, 200 
Oxalates, reactions of, 122 
— insoluble, 131, 147 
Oxalic acid, reactions of, 145, 210 

toxicology of, 145 

dissolved, 145 

in oiganic mixtures, 146 

insoluble form, 147 

solid, 145 

Oxides, reactions of, 1 32 
Oxidising blowpipe flame, 18 



PASTILLES, 19 
Phosphates, reactions of, 121 

— earthy, urinary deposits of, 199 
Pipettes, delivery, 45 

— graduated, 46 

Platinum, dichloride of, as a reagent, 

97 
Potash, as a reagent, 74-85 

— solutions, 88 
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POT 

Potassiuix^salpliateof, as areagent,95 
Powders, specific gravity of, 52 
Precipitant, carbonate of ammo- 
nium as a, 94 

— hydrochloric acid as a, 66 

— sulphide of ammonium as a, 84 

— sulphuretted hydrogen as a, 7* 
Precipitates, aspects of, 63 

— drying, 42 

— formation of, 63 

— removal of, 33 

— washing, 32 
Precipitation bv ammonia, 69 

— by water, 67 
Proportions, combining, i 
Prussic add, toxicology of, 171 
Purpurine, 191 

Pus from urine, 202 



EEACTIONS of acetates, 124 
' acids, 132 

alkaline solutions, 135 

aluminum, 93 

ammonium, loi 

antimony, 78-167 

arsenic, 77-155 

barium, 99 

benzoates, 124 

bismuth, 79 

bloodstains, 217 

borates, 124 

bromides, 120 

cadmium, 82 

calcium, 99 

carbonates, 117 

chlorates, 116 

chlorides, 119 

chromates, 115 

chromium, 93 

cobalt, 89 

compounds in solution, 1 34 

copper, 81-153 

corrosive subl^nate, 147 

cyanides, 121 

earthy salts, 130 

ferric salts, 91 

ferrous salts, 91 

fluorides, 125 

hippuric acid, 191 

hydrochloric acid, 142 



REA 

Eeactions of iodides, 120 

iron, 91 

lead, 80-151 

liquid substances, 1 34 

magnesium, 100 

manganese, 90 

mercuric salts, 80 

mercurous salts, 80 

— — mercury, 79 

miscellaneous salts, 133 

morphia, 177 

nickel, 89 

nitrates, 115-141 

nitric add, 140 

oxalates, 122 

oxalic add, 145 

calculi, 210 

oxides, 132 

phosphates, 121 

phosphatic calculi, 210 

potassium, 100 

prussic acid, 171 

silicates, 126 

silver, 81 

sodium, lox 

stannic salts, 77 

stannous salts, 76 

strontium, 99 

strychnia, 173 

sulphates, 119 

sulphides, 11 7-1 32 

sulphites, 118 

sulphuric add, 137 

sulphydrates, X17 

tartrates, 123 

tin, 76 

urea, X87 

uric acid, 188 

calculi, 210 

zinc, 92 

Beagent^ ammonia as a, 86 

— chloride of barium as a, 1 1 2 
caldum as a, 112 

— dichloride of platinum as a, 97 

— hydrofluosilidc add as a, 96 

— nitrate of silver as a, no 

— oxalate of ammonium as a, 96 

— perchloride of iron as a, 1 14 

— phosphate of ammonium as a, 

96 

— potash as a, 74-85 
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REA 
Reagent, snlphate of potassiiim as 

a, 95 

— sulphuric acid as a, 103-106 

— tartaric add as a, 97 
Beagents, addition o^ 64 
Beducing blowpipe flame, 18 
Bednction tubes, 19 
Beinsch's test for antimony, 170 

arsenic, 163 

impediments to, 165 

Betorts, tube, 26 



SACCHABINE UBINE, tests for, 
194 
Salts, alkaloidal, 10 

— ammonium, 10 

— complex, 9 

— double decomposition o^ 13 

— earthy, nature of, 70 
reactions o^ 1 30 

— fusible, 57 
«— infusible, 58 

— mineral, of milk, 224 
of urine, 192 

— miscellaneous, 133 

— multequivalent, 9 

— rational formulae of, 1 1 

— reducible, 59 

— simple, 9 

— Tolatile, 56 
Sand-baths, 35 
Sealed tube making, 21 
Sealing test tubes, 20 
Sediment from normal urine, 201 
Serum of blood, 218 

Silicates, reactions of, 126 

Silver, nitrate of, as a reagent, no 

-^ reactions o^ 81 

— solutions, 75 
Simple salts, 9 

Solids, specific grayity of, 51 
Solutions made, 62 
Solvent, ammonia as a, 87 

— sesquicarbonate of ammonium as 

a* 73 

— sulphide of ammoniimi as a, 73 

Solvents, addition of, 64 
Specific gravity, 48 

flasks, 49 

of liquid, 49 



TOX 

l^pedfic gravity of powders, 52 

of solids, 51 

Stains, blood, reactions Oi^ 217 
Stands, jacket) 34 

— tripod, 34 

Stannic salts, reactions o^ 77 
Stannous salts, reactions o^ 76 
Stirring rods, 19 
Strontium, reactions of, 99 
Strychnia, appearance d, 1 74 

— colour tests, 175 

— in organic mixtures, 176 

— toxicology o^ 173 
Subliming tubes, 19 
Sugar in blood, 222 
Sulphates, reactions of^ 119 
Sulphides, reactions of, 1 17-132 
Sulphites, reactions o^ 118 
Sulphuretted hydrogen as a precipi- 
tant, 72 

bulb, 28 

precautions in making, 28 

Sulphuric acid, as a reagent, 103 

reactions of, 1 37 

toxicology of, 137 

concentrated, 137 

diluted, 138 

in organic mixtures, 1 39 

stains on clothing, 139 

Sulphydrates, reactions of, 117 
Supports for apparatus, 34 
Symbolic notation, 5 
Symbols, dash'd, 6 
Synoptic formulse, 12 



TABLE for detection of acids, no 
of bases- of group 

one, 71 

— of group two, 83 

of group three, 94 

— of blowpipe reactions, 56 

— of elements, 3 

— of preliminary testing for acids, 

104 
Tartrates, reactions o^ 123 
Ternary acids, 7 
Test tubes, sealing, 20 
Tin, reactions of, 76 . 
Tissues, composition of, 181 
Toxicologicid examinations, 137 
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TOX 

Toxicology of antimony, 167 

arsenious acid, 155 

copper, 153 

corrosive sublimate, 147 

hydrochloric acid, 142 

hydrocyanic acid, 171 

lead, 151 

mercury, 147 

morphia, 177 

nitrates, 141 

nitric acid, 140 

oxalic acid, 145 

prussic acid, 171 

strychnia, 173 

sulphuric acid, 137 

Tripod stands, 34 
Tube retorts, 26 
Tubes, funnel, 27 

— gas-evolving, 27 

— joined, 23 

— subliming, 19 

— reduction, 19 
Tubing, vulcanite, 23 



URATES, urinary deposits of, 199 
Urea, crystals of, 188 

— from blood, 220 

— its detection, 187 

— preparation of, 187. 

— properties of, 188 

Uric acid, crystalline form of, 190 

its detection, 188 

preparation of, 189 

properties of, 1 89 

urinary deposit of, 199 

calculus, 206 

Urinary calculi, 205 
construction of, 205 

— deposits, 198 

chemical, 199 

of cystine, 201 

earthy phosphate, 199 

— — lithates, 199 

oxalate of calcium, 

200 

urates, 199 

— uric acid, 199 



Urinary deposits, organised, 201 

— of blood, 203 

— — mucus, 202 

normal sediment, 201 

pus, 202 

Urine, 186 

— abnormal, 193 

— albuminous, 193 

— — tests for, 193 

— appearance of, 203 

— ash of, 192 

— biliary, 197 

— chenucal examination of, 204 

— chylous, 198 

— clinical examination of, 203 

— colouring-matters of, 191 

— crystals from evaporation of, 192 

— extractive matters of, 191 

— fatty, 197 

— kiestein, 198 

— mineral salts of, 192 

— normal, properties of, 1 86 

— quantity of, 204 

— saccharine, 194 
te^ts for, 195 

— specific gravity o^ 203 



YOLATILE SALTS, 56 
Volatilisations, 43 
Vulcanite tubing, 23 



WASH BOTTLE, 26 
Washing precipitates, 32 

— tube, gas, 29 
Water baths, 36 

— precipitations by, 67 
Weighing, 47 
Weights, atomic, 2 

— decimal, 47 

— molecuLar, 2 



ZINC, blowpipe examination of 
— reactions of, 92 
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